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The  stability  of  crop  yields  under  diverse  and 
unpredictable  environmental  conditions  is  increasingly 
recognized  as  an  important  goal  of  limited-resource  farmers 
in  developing  nations,  perhaps  even  more  important  than 
overall  average  yield  as  a  criterion  for  evaluating  crop 
varieties  or  other  production  technologies. 

Modified  Stability  Analysis  (MSA)  was  done  on  the 
results  of  four  years  of  on-farm  sorghum  varietal  tests  in 
northern  Cameroon.   The  improved  variety  S3 5  was  more  stable 
in  different  environments  than  farmers'  local  varieties. 
The  major  identifiable  determinant  of  productivity  was  date 
of  seeding.   Differences  in  the  known  adoption  pattern  of 
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S3 5  in  northern  Cameroon  were  concluded  to  be  due  to  a 
greater  superiority  of  S3 5  over  local  varieties,  both  in 
terms  of  yield  and  of  reduced  risk,  when  seeding  is  late 
rather  than  early. 

A  research  station  trial  of  mixed  stands  of  sorghum 
varieties,  done  in  three  locations  over  two  years,  supported 
the  conclusion  that  benefits  from  intraspecif ic  mixed  stands 
of  cereals  usually  result  from  positive  mixing  effects  due 
to  complementarity  in  high-yielding  environments. 
Compensation-induced  mixing  effects,  expected  in  poor 
environments,  were  not  evident.   Mixed-row  stands  were 
usually  superior  to  seed  mixtures.   Mixed  stands 
occasionally  yielded  more  than  the  mean  pure  stand  yield  of 
their  components,  but  did  not  perform  better  than  the 
highest-yielding  component.   Mixed  stands  were  no  more 
stable,  according  to  MSA,  than  their  most  stable  component. 

On-farm  tests  of  S35  and  djigari  also  showed  mixtures 
of  an  improved  and  a  local  sorghum  to  be  no  more  stable 
across  environments  than  the  more  stable  component,  and 
usually  less  stable  than  the  mean  pure  stand  yields  of  the 
two  components.   Mixtures  appeared  to  have  no  major  benefits 
in  terms  of  grain  yield  or  of  reduced  risks  in  either  early- 
seeded  or  late-seeded  recommendation  domains. 
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CHAPTER  I 


INTRODUCTION 


Sorghums  of  Northern  Cameroon 
Northern  Cameroon,  which  consisted  previously  of  a 
single  large  province,  presently  comprises  three — Adamaoua, 
North,  and  Extreme  North.   It  is  a  remarkably  rich  and 
diverse  region,  ranging  from  the  sparsely-populated,  wooded, 
Guinea  savanna  of  the  southern  Adamaoua  plateau,  at  a 
latitude  of  about  6°N,  through  the  Sudanian  and  Sudan- 
Sahelian  savannas  of  North  and  Extreme  North  Provinces,  to 
the  true  Sahel  of  the  Lake  Chad  region,  at  almost  13°N.   The 
striking  ethnic,  cultural,  geographical,  and  ecological 
diversity  of  this  region  has  inspired  a  large  and  detailed 
literature,  largely  descriptive  in  nature. 

The  cotton-growing  portion  of  Extreme  North  Province 
and  the  Mayo  Louti  Department  of  North  Province  was  the 
target  zone  of  a  large-scale  development  project,  the  Center 
North  project,  and  this  area  is  still  often  called  the 
Center  North  Zone.   In  this  region,  sorghum  [Sorghum  bicolor 
(L.)  Moench]  is  the  staple  food  crop.   In  many  of  the  more 
northern  parts  of  this  zone,  pearl  millet  [Pennisetum 
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americanum    (L.)  Leeke]  is  increasingly  grown  as  annual 
rainfall  progressively  decreases.   In  the  Mandara  Mountains 
to  the  west  of  the  Center  North  Zone,  millet  is  important  in 
alternate-year  rotation  with  sorghum,  as  a  pest  control 
strategy,  and  to  the  east  it  is  freguently  grown  because  of 
its  tolerance  of  the  very  sandy  soils  there  (Testing  and 
Liaison  Unit,  Maroua,  1990a, b) .   Nevertheless,  sorghum 
remains  by  far  the  most  important  and  widely  grown  cereal. 

Most  of  the  sorghums  of  northern  Cameroon  are 
rainfed,  depending  entirely  on  rains  that  in  Extreme  North 
Province  average  around  750  mm  per  year  and  generally  begin 
in  late  May  to  early  June  and  end  in  early  October,  although 
erratic  and  late  onset  of  rains  is  a  perennial  problem. 
Rainfall  distribution  is  monomodal,  with  a  peak  in  August, 
but  annual  distribution  at  any  given  site  is  notoriously 
unpredictable.   As  in  many  parts  of  semi-arid  West  and 
Central  Africa,  northern  Cameroon  has  suffered  from  an 
extended  drought  episode,  that  is,  a  period  in  which 
droughty  years  are  more  frequent  than  usual.   Farmers  tend 
to  think  that  the  current  drought  episode,  which  has  lasted 
more  than  a  decade  and  a  half,  is  due  primarily  to 
decreasing  rainfall.   Nicholson  (1986)  cites  several  factors 
that  may  have  contributed  to  drought,  including  overgrazing, 
overcultivation,  and  removal  of  vegetation,  but  concludes 
that  the  fundamental  cause  of  the  current  drought  is 
meteorological . 
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Estimates  of  average  sorghum  yields  vary  from 
approximately  750  kg  ha"1  (Dangi,  1987)  to  1100  kg  ha"1  (NCRE, 
1989)  ,  but  most  estimates  are  in  the  900  kg  ha"1  range.   In 
addition  to  rainy  season  sorghums,  some  30%  of  sorghum 
production  comes  from  types  (called  mouskwari  or  babouri) 
seeded  into  nurseries  in  August  and  transplanted  into 
vertisols  known  as  karal  toward  the  end  of  the  rainy 
season.   These  transplanted  types  mature  on  residual  soil 
moisture  and  are  harvested  from  mid-January  to  early 
February. 

Sorghum  is  usually  consumed  as  a  stiff  porridge  known 
locally  in  French  as  boule,  and  also  as  a  watery  gruel 
(bouille) .   Local  brewing  of  sorghum  beer  is  also  very 
common.   In  addition  to  human  consumption  of  sorghum  grain, 
sorghum  stalks  are  important  as  a  source  of  fodder  and  in 
some  regions  as  a  building  material. 

Traditional  rainy  season  sorghums  in  the  Center  North 
zone  can  generally  be  grouped  into  three  broad  classes.   The 
first  are  medium  to  long  cycle  (100-130  day) ,  tall  (3-4  m) 
varieties  with  compact  panicles  and  a  brown  subcoat  which 
gives  the  boule  made  from  them  a  dark  red  color.   Within 
this  class  (all  from  the  Snowden  sub-series  Caudatum) ,  there 
are  varieties  with  red  to  brown,  floury  grain  (generally 
known  as  diiqari)  and  others  with  white  to  grey,  floury 
grain  (boulbassiri) .   These  varieties  are  adapted  to  a  wide 
range  of  soil  types  but  produce  best  on  sandy  loams. 
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Varieties  of  djigari  in  particular  are  very  widely  grown. 
Medium  to  long  cycle  varieties  without  a  brown  subcoat 
exist,  notably  walacranari.  and  are  highly  appreciated  by  the 
dominant  ethnic  group,  the  Fulbe,  for  the  white  boule  they 
produce . 

A  second  broad  class  of  short  to  very  short  cycle  (85- 
100  day)  varieties,  such  as  damouqari  and  makalari.  are 
found,  if  not  very  widely  grown.   These  are  sometimes 
considered  to  be  types  of  diiqari  by  farmers,  who  tend  to 
use  that  name  for  any  red,  rainy-season  sorghum,  regardless 
of  cycle. 

A  third  class  of  very  long  cycle  (130-180  day) 
varieties,  types  such  as  yolobri  or  mbairi.  once  common  as 
far  north  as  Maroua  (10°60'N),  are  now  rarely  found  much 
farther  north  than  Garoua  (9°20'N).   The  northernmost 
boundary  of  these  types  is  steadily  moving  southward  in 
response  to  the  long-term  trend  of  decreasing  rainfall  in 
the  Sudan-Sahelian  zone  (Hallaire,  1984) .   All  of  these 
traditional  varieties  are  photoperiod  sensitive;  farmers 
tend  to  select  at  any  given  planting  date — often  beyond  the 
control  of  farmers  in  the  case  of  late  rains — varieties 
whose  cycle  will  allow  them  to  mature  with  or  soon  after  the 
end  of  the  rains. 

It  is  of  interest  to  note  that  this  sort  of 
classification  of  sorghum  types  by  maturity  group  in  the 
Center  North  Zone  is  slowly  changing  in  response  to  the 
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changing  rainfall  pattern.   Thus  the  120-day  varieties  of 
djigari,  considered  short  cycle  varieties  in  the  1960s  and 
early  1970s,  are  increasingly  considered  long  cycle  ones  now 
that  the  150-180  day  varieties  are  moving  southward  and  the 
very  short  cycle  varieties — both  locals  and  those  bred  by 
the  research  service — are  increasing  in  importance. 

The  diversity  of  sorghums  grown  in  northern  Cameroon  is 
as  great  as  that  of  the  region  itself.   A  systematic  census 
of  all  types  of  local  sorghums  in  1968  resulted  in  notation 
of  approximately  2700  varieties  and  in  final  tabulation  of 
more  than  1000  (Eckebil,  1970a) .   In  addition  to  differences 
in  cycle,  farmers  recognize  and  value  for  different  uses  a 
range  of  grain  types,  forage  qualities,  and  adaptations  to 
local  climatic,  edaphic,  ecological,  and  cultural 
conditions.   Differences  in  taste  and  culinary  preferences, 
even  within  a  single  ethnic  group,  are  also  reasons  for  a 
large  number  of  local  varieties. 

A  given  field  of  traditional  sorghum  in  the  Center 
North  is  unlikely  to  be  very  homogeneous.   Part  of  the 
heterogeneity  may  be  due  to  microclimatic  and  edaphic 
variability  within  the  field,  but  a  considerable  part  is 
often  due  to  the  genetic  variability  of  the  crop  itself. 
Farmers  in  fact  seldom  grow  a  single  variety,  even  within  a 
single  field.   A  field  of  "djigari,"  for  example,  is 
frequently  a  mixture  of  two  or  several  kinds  of  djigari. 
Farmers  will  mix  varieties  of  equal  maturity  cycle  as  well 
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as  those  of  different  cycles.   When  asked  why  they  use  such 
mixtures,  farmers  will  often  first  respond  only  that  they 
have  always  done  so.   Further  questioning  almost  always 
shows  that  farmers  recognize  advantages  from  this  practice, 
primarily  that  it  may  reduce  their  risk  of  low  yields  or 
total  crop  loss.   That  their  traditional  varieties  differ  in 
resistance  to  environmental  stresses  such  as  drought,  Striaa 
hermonthica,  or  weed,  insect  and  disease  pressure,  is  well 
known  by  farmers,  as  is  the  ability  of  individual  components 
of  a  mixture  to  compensate  for  poor  performance  by  other 
components.   Use  of  mixtures,  though  rarely  an  openly 
expressed  strategy,  appears  to  be  an  attempt  (either 
conscious  or  unconscious)  to  minimize  risk  in  the  face  of 
variable  and  unpredictable  environmental  conditions. 

Sorghum  Research  in  the  Center  North  Zone 
Agronomic  research  in  northern  Cameroon  is  the  province 
of  the  Institute  of  Agronomic  Research  (IRA) ,  which  has  its 
center  in  Maroua,  capital  of  Extreme  North  Province. 
Although  much  money  and  effort  is  devoted  to  research  on  the 
major  cash  crop,  cotton,  primary  emphasis  for  some  time  has 
been  placed — as  a  matter  of  official  policy — on  development 
and  improvement  of  indigenous  food  crop  production 
(N'Sangou,  1978). 

Since  the  late  1970s,  research  on  sorghum,  as  well  as 
on  other  food  crops  in  the  sorghum-based  cropping  system, 
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has  been  conducted  by  two  USAID- funded  projects.   Until 
1986,  the  Semi-Arid  Food  Grains  Research  and  Development 
Project  (SAFGRAD)  conducted  both  on-station  and  (after  1981) 
on-farm  trials  on  sorghum,  millet,  maize,  peanuts,  and 
cowpeas.   When  SAFGRAD  ended  in  northern  Cameroon  in  1986, 
the  on-farm  testing  component  of  food  crops  research  in 
Maroua  was  taken  over  by  the  National  Cereals  Research  and 
Extension  (NCRE)  Project.   The  NCRE  project  has  attempted  to 
institutionalize  Farming  Systems  Research  and  Extension 
(FSR/E)  in  Cameroon  by  developing  a  number  of  Testing  and 
Liaison  Units  (TLUs)  within  IRA  centers  such  as  Maroua. 
These  TLUs  are  responsible  for  farming  systems  diagnosis, 
on-farm  research,  and  research-extension  linkage.   A  major 
focus  of  both  SAFGRAD  and  TLU/NCRE  on-farm  research  has  been 
regional  tests  of  improved  sorghum  varieties  and  agronomic 
practices. 

In  addition  to  its  TLU  component,  NCRE  has  helped  IRA 
develop  its  capacity  for  cereal  crop  improvement.   The  NCRE 
sorghum  and  millet  breeding  program  in  Maroua  dates  from 
1981.   These  efforts  have  built  upon  more  than  two  decades 
of  breeding  work  by  IRAT,  which  included  much  important 
classification  and  collection  of  local  germplasm,  both  of 
rainy  season  and  dry  season  transplanted  types  (Eckebil, 
1970a, b;  Monthe,  1977). 

The  sorghum  improvement  program  has  for  a  number  of 
years  based  its  program,  with  on-going  SAFGRAD  and  TLU 
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collaboration,  on  the  actual  constraints  to  improved  sorghum 
production  faced  by  farmers  of  the  Center  North  Zone.   These 
constraints  include  poor  and  erratic  rainfall,  often 
disastrously  distributed  during  the  growing  season;  striga, 
which  is  increasing  in  importance  as  both  soil  fertility  and 
the  length  of  fallow  period  decrease;  labor  constraints  at 
the  time  of  sowing  and  weeding,  which  impede  improvement  in 
land  preparation  and  weed  control;  and  lack  of  credit  for 
yield-enhancing  inputs  such  as  animal  traction,  fertilizer, 
and  pesticides.   Further  constraints  include  a  variety  of 
insects,  primarily  several  species  of  head  bugs,  stalk 
borers  (especially  Busseola  fusca) ,  nutgrass  armyworm 
(Spodoptera  exempta) ,  and  shoot  fly  (Atherigona  soccata) , 
all  of  which  can  be  severe  at  times.   There  exists  also  an 
array  of  endemic  leaf  diseases,  but  their  economic 
importance  is  undocumented. 

In  response  to  these  constraints,  the  sorghum  breeding 
program  in  Maroua  has  concentrated  on  developing  for  the 
Center  North  Zone  short  cycle  (85-95  day)  drought  tolerant 
varieties,  medium  in  height  (2.5  m) ,  and  resistant  to 
striga,  diseases,  and  insects.   These  varieties  generally 
have  white  grain  of  medium  vitreousness,  and  are  of  a  "tan" 
plant  type  (Dangi  and  Djonnewa,  1988) .   While  much 
appreciated  by  farmers  for  high  yield  potential,  stalk 
forage  quality,  and  a  cycle  which  allows  late  planting  in 
response  to  retarded  onset  of  rains,  these  varieties  have 
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met  with  some  farmer  resistance.   The  short  cycle  of  these 
varieties  is  linked  to  a  lack  of  photoperiod  sensitivity. 
While  contributing  to  their  resistance  to  drought  (through 
avoidance) ,  this  same  characteristic  leads  to  an  increased 
susceptibility  to  grain  mold  (Fusarium  moniliforme.  Fusarium 
semitectum.  Curvularia  lunata.  etc.)  when  the  varieties  are 
planted  too  early.   Of  equal  concern  is  that  these 
varieties,  whose  grain  lacks  tannins  and  other  polyphenolic 
compounds,  are  as  highly  appreciated  by  birds  as  by  humans. 
Losses  to  birds  can  occasionally  be  quite  severe  and  are 
aggravated  by  the  relatively  small  areas  devoted  to  improved 
varieties  at  present.   Also,  their  short  cycle  leads  to 
maturity  earlier  than  the  longer  cycle  white-seeded 
varieties  that  might  otherwise  equally  attract  birds  and 
thus  dilute  the  damage  caused  by  them. 

Some  of  these  varieties  have  produced  high  yields  both 
in  on-station  and  on-farm  trials;  a  few,  due  to  this 
performance,  have  been  extended  to  farmers.   The  most  widely 
extended  and  successful  of  these  varieties,  all  of  which  are 
open-pollinated,  is  S35,  a  selection  from  varieties  sent  to 
Cameroon  by  Dr.  N.  G.  P.  Rao,  working  then  in  Zaria, 
Nigeria.   Adoption  rates,  however,  have  generally  been 
disappointing.   In  fact,  after  five  years  of  serious 
extension  efforts,  adoption  of  these  varieties  as  part  of  an 
improved  production  package,  has  been  limited  to  one  or  two 
specific  geographical  areas. 
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Sorghum  Yield  Stability 

The  Center  North  Zone,  for  which  these  85-  to  95-day 
varieties  have  been  selected,  is  a  region  with  a  strong 
rainfall  gradient  from  north  to  south,  averaging  850  mm  or 
more  per  annum  in  the  Mayo  Louti  Department  of  North 
Province,  but  well  less  than  600  mm  in  the  northern  Mora 
Plain  in  Extreme  North  Province.   There  also  exists  an  east- 
west  rainfall  gradient,  with  lower  rainfall  in  the  eastern 
Mayo  Danay  Department  accentuated  by  the  very  sandy  soils 
found  there.   Of  even  more  concern  than  average  total  annual 
rainfall,  however,  is  the  extreme  variability  of  rainfall, 
both  from  year  to  year  and  from  one  site  to  another  (even 
sites  only  hundreds  of  meters  apart)  within  a  year. 

Despite  the  many  other  factors  that  can  limit  sorghum 
yields,  farmers  almost  always  cite  poor  and  erratic  rains  as 
the  major  constraint  to  production.   Variability  in  yields 
can  therefore  be  extreme  from  one  farm  to  the  next  in  any 
given  year.   More  crucially,  total  regional  yields  can  vary 
as  much  as  3  00%  from  year  to  year,  and  given  the  sensitivity 
of  local  markets  to  supply  fluctuations,  grain  prices  can 
vary  1000%  or  more  between  a  good  and  a  very  bad  year 
(Johnson,  1988) .   Risk  to  farmers  from  erratic  rainfall, 
aggravated  by  additional  risks  from  insects,  diseases,  and 
striga — all  affected  to  some  extent  by  rainfall — is  great. 
For  this  reason,  an  ever  increasing  emphasis  within  IRA 
Maroua  has  been  placed,  both  by  the  sorghum  breeding  program 
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and  by  the  TLU,  not  just  on  increasing  average  sorghum 
yields,  but  also  on  increasing  yield  stability  across 
environments . 

The  problem  to  be  addressed  in  this  dissertation  can 
best  be  expressed  by  posing  two  guestions.   First,  if 
stability  of  production  and  minimization  of  risk  are 
important  criteria  in  a  sorghum  improvement  program  in  the 
Sudan-Sahelian  zone,  how  can  these  factors  be  effectively 
evaluated  and  used  in  establishing  recommendation  domains 
for  new  varieties?   In,  particular,  how  can  Modified 
Stability  Analysis  contribute  to  such  a  program?   Second,  to 
what  extent  can  mixtures  of  long  cycle  and  short  cycle 
cultivars  of  sorghum,  particularly  mixtures  of  local  and 
improved  types,  increase  yields  and  yield  stability  across 
environments  and  decrease  risk  to  farmers? 

The  first  objective  of  the  research  presented  here, 
then,  is  to  examine  the  usefulness  of  Modified  Stability 
Analysis  (Hildebrand,  1984;  1990)  in  the  development  and 
dissemination  of  improved  sorghum  varieties  in  the  semi-arid 
zone  of  West  Africa,  using  the  example  of  the  variety  S35  in 
northern  Cameroon.   The  second  objective  is  to  investigate 
the  possible  advantages  in  this  region  of  mixtures  of  long 
and  short  cycle  sorghum  varieties,  particularly  in  terms  of 
increasing  yield  stability  and  thus  decreasing  risk  to 
small-scale  farmers. 


CHAPTER  II 

MODIFIED  STABILITY  ANALYSIS  OF  SORGHUM 

[Sorghum  bicolor    (L.)  Moench]  VARIETY 

TESTS  IN  NORTH  CAMEROON,  1984-87 


Introduction 

Various  methods  of  analyzing  genotype-by-environment 
(GE)  interaction  have  been  proposed  and  developed  over  the 
years.   These  had  as  their  impetus  a  recognition  that  the 
interaction  of  a  variety  with  the  environments  in  which  it 
is  grown  is  often  as  important  or  more  important  than  its 
average  yield  over  all  environments. 

Some,  usually  earlier,  methods  of  estimating  GE 
interaction  followed  the  example  of  Sprague  and  Federer 
(1951),  who  separated  the  effects  of  genotype,  environment, 
and  GE  interaction  by  comparing  the  observed  mean  squares 
from  analysis  of  variance  to  the  expected  mean  squares  of 
the  random  model.   This  approach  gave  rise  to  a  number  of 
stability  parameters.   Wricke  (1962) ,  for  example,  proposed 
ecovalence,   W2;,  and  Shukla  (1972)  identified  a  stability 
variance,    o2{.      These,  as  well  as  the  mean   variance   component 
for  pairwise  GE  interaction,    e,      (Plaisted  and  Peterson, 
1959)  and  the  variance   component   for  GE  interaction,    9(i) 
(Plaisted,  1960) ,  all  involved  partitioning  of  the  overall 
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GE  variability.   Francis  and  Kannenberg  (1978)  considered 
the  standard  coefficient  of  variability ,  CVit    as  a  measure 
of  stability.   Use  of  these  methods  varied;  agronomists  and 
breeders  tried  to  minimize  GE  effects,  and  geneticists  tried 
to  determine  the  underlying  causes  of  such  interactions. 

Regression  of  mean  varietal  yields  on  overall  site 
means,  as  a  method  of  analyzing  GE  interaction,  has  a  long 
history.   First  proposed  by  Mooers  (1921) ,  it  was  developed 
by  Yates  and  Cochran  (1938) ,  but  largely  ignored  thereafter, 
until  Finlay  and  Wilkinson  (1963)  rediscovered  it  and  used 
it  to  define  "general  adaptability"  of  a  variety  i  as  high 
yield  and  a  linear  regression   coefficient   of  unity  (b;  =  1)  . 
Eberhart  and  Russell  (1966) ,  using  a  similar  technigue, 
added  the  deviation  from  regression  mean  square    (a2di)  as  a 
parameter  of  interest,  and  defined  a  "stable  variety"  as  one 
with  high  yield,  bs  =  1,  and  a2di  =  0. 

Criticisms  of  the  technique  of  regressing  individual 
variety  yields  on  overall  site  mean  yields  have  not  been 
lacking.   Such  criticism  centers  on  the  obvious  mathematical 
interdependence  between  the  theoretically  independent 
variable  (site  mean) ,  and  the  several  dependent  variables 
(individual  variety  yields)  regressed  on  it  (Freeman  and 
Perkins,  1971) .   In  response  to  this  and  other  perceived 
shortcomings,  a  number  of  alternative  stability  parameters 
have  been  advanced.   These  include  methods  for  grouping 
genotypes  by  clustering  techniques  (Hanson,  1970;  Lin  and 
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Thompson,  1974;  Lin  and  Binns,  1985),  and  by  pattern 
analysis  (Mungomery  et  al.,  1974;  Shorter  et  al.,  1977). 
Tai  (1971)  proposed  a  parameter  a,,    an  unbiased  estimate  of 
(b-1) ,  where  b  is  Eberhart  and  Russell's  regression 
coefficient.   Hardwick  and  Wood  (1972)  proposed  regression 
on  a  set  of  environmental  variables  external  to  and 
independent  of  yields  of  the  test  varieties,  a  technigue 
expanded  upon  by  Wood  (197  6) . 

General  reviews  of  the  many  methods  of  stability  and  GE 
interaction  analysis  have  defended  and  justified  the 
approach  of  linear  regression  on  an  environment  index  (site 
mean)  by  comparing  its  advantages  to  those  of  competing 
measures.   These  advantages  include  simplicity  of 
calculation  and  ability  to  provide  information  on  variety 
response  over  a  range  of  test  environments,  information 
essential  for  cultivar  recommendations  (Freeman,  1973;  Lin 
et  al. ,  1986) .   Until  prediction  of  yield  response  as  a 
function  of  external  environmental  variables,  as  attempted 
by  Nor  and  Cady  (1979) ,  becomes  feasible,  this  technique  is 
likely  to  remain  popular.   It  has  been  employed  in  stability 
analysis  of  sweet  potato  (Martin  et  al.,  1988),  peanut 
(Anderson  et  al.,  1989;  Schilling  et  al.,  1983),  maize  (Yue 
et  al.,  1990),  and  wheat  (Musaviun  and  Ehdaie,  1987). 

One  of  the  major  advantages  of  regression  on  an 
environmental  index  is  that  it  permits  assessment  of  GE  (or 
any  treatment-by-environment)  interaction  without 
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replication  within  a  test  site.   This  advantage  is  of 
particular  interest  to  Farming  Systems  Research  and 
Extension  (FSR/E)  researchers  conducting  on-farm  trials 
which  are  often  limited  to  a  single  replication  per  farm. 
Hildebrand  (1984)  proposed  a  Modified  Stability  Analysis 
(MSA),    based  on  Eberhart  and  Russell's  technique,  as  a  tool 
for  the  analysis  of  farmer  managed  on-farm  trials. 

As  use  of  MSA  by  FSR/E  practitioners  increases,  the 
question  is  often  posed:   Just  what  is  "modified"  about 
Modified  Stability  Analysis?   First,  while  Eberhart  and 
Russell  consider  a  "stable"  variety  to  be  one  with  a  b;  of 
unity,  MSA  defines  stability  across  environments  as  b;  =  0. 
A  difference  of  this  sort  makes  sense  in  the  FSR/E  context. 
Whereas  breeders  in  the  U.S.  may  want  varieties  that  respond 
in  step  to  improving  environmental  conditions,  farmers  in 
most  developing  nations,  while  desiring  good  production  in 
high-yielding  environments,  consider  maintenance  of  adequate 
production  in  low-  or  very  low-yielding  environments  to  be 
more  important.   This  is  especially  true  since  conscious 
improvement  of  growing  conditions — through  irrigation, 
fertilization,  etc. — is  often  beyond  the  means  of  most 
resource-limited  farmers.   Many  crop  breeders  now  use  b=0 
rather  than  b=l  as  a  criterion  of  stability  in  different 
environments.   A  significant  difference  still  exists  between 
MSA  and  the  stability  analysis  of  most  breeders  in  that 
breeders  tend  to  consider  other  criteria  such  as  mean  square 
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deviations  from  regression  in  addition  to  the  regression 
coefficient,  while  MSA  limits  itself  to  b. 

Second,  MSA  extends  the  use  of  regression  on 
environmental  index  beyond  varietal  trials  to  trials  of  any 
production  technology.   Third,  by  adding  to  linear 
regression  a  graphic  distribution  of  confidence  intervals 
for  treatment  means,  MSA  includes  the  concept  of  low  risk  to 
farmers  in  the  definition  of  stability.   Finally,  MSA  is  an 
effort  to  identify  specific  adaptability   of  varieties  or 
other  technologies  to  particular  sets  of  environments,  i.e., 
recommendation  domains,    rather  than  the  general   adaptation 
to  all  environments  proposed  by  Finlay  and  Wilkinson 
(Hildebrand,  1990) . 

Two  further  characteristics  of  MSA  highlight  its 
usefulness  as  a  FSR/E  analytical  tool.   Rather  than  being 
limited  to  yield  (i.e.,  kg  ha'1)  response  only,  regression  of 
other  variables  of  interest  such  as  monetary  return  per  unit 
land  area,  per  unit  seed  planted,  per  unit  labor  expended, 
etc.,  can  also  be  done.   In  this  event,  however,  the 
environmental  index  (E)    is  still  calculated  on  a  kg  ha"1 
basis  (P.  E.  Hildebrand,  1991,  personal  communication). 
Also,  the  environment,  as  expressed  by  E,    is  implicitly 
thought  of  as  defined  by  all  those  parameters  determined  by 
"good"  or  "poor"  farmer  management — weeding,  degree  of  pest 
control,  etc. — as  well  as  the  more  commonly  considered 
"biophysical  parameters"  such  as  rainfall,  soil  fertility, 
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toposequence,  etc.   This  complexity  of  factors  determining 
the  value  of  E   for  any  given  on-farm  test  site  complicates 
the  predictive  classification  of  environments  into  low  and 
high  domains,  a  classification  essential  for  recommendation 
of  specifically  adapted  technologies.   While  the  regression 
component  of  MSA  is  often  encountered  in  agronomic  and  FSR/E 
literature,  graphing  of  confidence  intervals  is  less  common; 
one  exeception  is  a  study  of  peanut  varieties  in  stressed 
and  unstressed  environments  (Knauft  and  Gorbet,  1989) . 
Classification  of  environments  is  almost  universally 
neglected,  but  Singh  (1990)  used  it  for  fertilizer 
technologies  in  the  Amazon  basin  of  Brazil. 

Several  studies  have  investigated  differences  in 
stability  of  sorghum  varieties  in  the  semi-arid  savanna 
zones  of  Africa.   In  Uganda,  Jowett  (1972)  found  eight 
varieties  tested  to  have  generally  smaller  coefficients  of 
regression  (mean  b  =  0.81)  than  either  eight  single  crosses 
(mean  b  =  1.11)  or  five  three-way  crosses  (mean  b  =  1.09). 
Deviations  from  regression  were  similarly  lower  for  the 
varieties.   Unfortunately,  insistence  on  the  concept  that 
b  =  1  rather  than  b  =  0  denotes  stability  led  to  the 
conclusion  that  the  hybrids  were  more  stable  than  the 
varieties.   Kambal  and  Mahmoud  (1978)  also  based  selection 
of  the  most  stable  of  16  varieties  tested  in  Sudan  on 
Eberhart  and  Russell's  three  criteria  of  high  yield, 
regression  coefficient  of  unity,  and  low  deviations  from 
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regression.   In  Nigeria,  Obilana  and  El-Rouby  (1980)  tested 
varieties  in  four  savanna  zones  over  three  years.   They 
considered  the  regression  coefficient  to  be  a  "parameter  of 
adaptation,"  i.e.,  adaptation  to  high-  or  low-yielding 
environments.   Deviations  from  regression  and  coefficient  of 
determination  (R2)  they  considered  "parameters  of 
stability,"  applicable  chiefly  to  high-yielding 
environments.   While  implicitly  recognizing  the  goal  of 
specific  adaptability ,  Obilana  and  El-Rouby,  like  Kambal  and 
Mahmoud,  stressed  partitioning  the  GE  interaction  into 
components  for  deciding  on  the  relative  importance  of  years, 
locations,  and  replications  in  a  sorghum  breeding  program. 

In  northern  Cameroon,  on-farm  variety  tests  on  a  large 
number  of  farms  in  1984  indicated  tremendous  yield 
superiority  of  one  improved  variety,  S3 5,  over  local  types. 
Since  1984  was  a  catastrophically  poor  rainfall  year 
throughout  the  Sudan-Sahelian  zone,  the  economic  value  of 
this  superiority  was  even  greater  than  the  absolute  yield 
differences  might  suggest.   Because  of  these  results,  S3 5 
was  multiplied  in  1985,  and  its  extension,  as  part  of  an 
improved  sorghum  production  package,  began  in  1986. 

Despite  further  on-farm  confirmation  from  1985  to  1987 
that  S35  yields  were  superior  or  equal  to  those  of  local 
varieties,  adoption  has  never  quite  "taken  off."   Rather, 
for  the  entire  Center  North  zone,  it  has  varied  from  year  to 
year  between  3  00  and  650  ha,  as  estimated  by  the  local 
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extension  agency.   Reasons  variously  offered  for  this 
limited  adoptions  have  included  the  susceptibility  of  S35  to 
grain  mold  and  birds,  as  noted  above.   Some  farmers  also 
maintain  that  S35  requires  fertilizer  and/or  plowing  to 
produce  well,  or  that  it  does  not  do  well  on  their 
particular  soil  types,  or  that  it  does  not  store  well,  or 
that  its  culinary  characteristics  or  taste  are  not  locally 
acceptable.   In  some  individual  SODECOTON  (Societe  de 
developpement  du   coton  du   Cameroun)    sectors,  however, 
adoption  of  S3 5  is  widespread  and  increasing.  This  adoption 
of  S35  is  not  always  accurately  measured  by  SODECOTON  since 
some  farmers  plant  it  without  adopting  the  entire  production 
package,  and  SODECOTON  only  keeps  records  on  the  package. 

The  purpose  of  the  research  reported  in  this  chapter  is 
to  evaluate,  using  the  on-farm  test  data  from  1984  to  1987, 
the  usefulness  of  Modified  Stability  Analysis  in  assessing 
the  stability — and  concomitant  risk  to  farmers — of  improved 
short  cycle  sorghum  varieties  and  in  delimiting 
recommendation  domains  for  their  adoption  in  the  semi-arid 
West  African  savanna  zone.   In  light  of  more  than  five 
years'  experience  of  extension  of  S35  throughout  the  Center 
North  Zone  of  Cameroon,  this  analysis  hopes  to  answer  two 
questions.   First,  why  is  S3 5  being  adopted  in  some  places 
and  not  in  others?  Second,  could  MSA  in  the  first  year  or 
two  of  on-farm  tests  of  S3 5  have  predicted  where  this 
variety  is  now  well  accepted  by  farmers  and  where  it  is  not? 
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Materials  and  Methods 

On-farm  sorghum  variety  tests  were  conducted  by  SAFGRAD 
Maroua  in  1984,  1985  and  1986,  and  by  TLU/NCRE  Maroua  in 
1987,  in  collaboration  with  SODECOTON.   In  each  test,  a 
farmer-selected  local  variety  was  used  as  a  check.   In  1984, 
tests  were  divided  into  two  groups,  with  42  on-farm  sites  in 
the  two  "northern"  SODECOTON  regions  of  Diamare  and  Mora- 
Mokolo,  and  46  sites  in  the  three  "central"  regions  of 
Kaele,  Mayo  Danay  and  Mayo  Louti.   In  response  to  good 
performance  in  1984  of  S35,  a  variety  thought  to  do  best 
when  seeded  late,  on-farm  tests  in  1985  were  again  divided 
into  groups,  with  42  sites  seeded  before  15  June,  and  16 
seeded  after  15  June.   Varietal  tests,  not  divided  into 
groups,  were  done  at  38  sites  in  1986  and  at  35  in  1987. 

Each  on-farm  test  was  conducted  on  a  0.25  ha  field 
(i.e.,  50  m  X  50  m) ,  with  a  collaborating  farmer  chosen  by 
the  local  SODECOTON  field  extension  agent  and  monitored 
throughout  the  season  by  that  agent.   Between-row  spacing 
was  0.80  m;  within-row  spacing  was  0.40  m  between  hills. 
Plants  were  thinned,  beginning  seven  days  after  planting,  to 
two  per  hill,  resulting  in  densities  of  62,500  plants  ha"1. 
In  1984,  recommended  seeding  dates  were  20  June  to  10  July, 
choice  of  preceding  crop  was  left  to  the  farmer,  and  all 
sites  were  fertilized  with  61-13-25  kg  ha1  N-P-K.   In  1985, 
fertilizer  was  reduced  to  46  kg  N  ha1  as  urea,  and  all  sites 
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had  cotton  as  the  preceding  crop.   Test  conditions  in  1986 
and  1987  were  as  in  1985  except  that  recommended  date  of 
seeding  was  10  to  20  June,  in  order  to  avoid  favoring  too 
much  the  early  maturing,  improved  varieties  (Johnson,  1988) . 
Means,  CVs,  and  standard  errors  from  analysis  of  variance  of 
these  trials  are  presented  in  Tables  2.1  to  2.3. 

For  the  present  study  the  linear  regression  component 
of  Modified  Stability  Analysis  was  carried  out,  by  year,  for 
each  of  the  tests  described  above.   Since  only  S3 5  and  the 
farmers'  local  checks  were  common  across  years,  MSA  was  also 
done,  by  year,  using  only  S35  and  locals  regressed  on  an 
environmental  index  based  on  these  two.   The  same  sort  of 
regression  was  done  on  the  set  of  all  test  sites  across  all 
four  years.   This  set  of  239  sites  included  21  striga- 
infested  sites  in  1985  not  included  in  the  year-by-year 
regression  analyses. 

Based  on  the  regression  of  S3 5  and  locals  across  years, 
an  attempt  was  made  to  hypothesize  a  higher  order  (guadratic 
or  other)  response  of  each  of  these  varieties  to 
environment.   In  an  effort  to  partition  the  test  sites  into 
recommendation  domains  based  on  environmental  index  (E) ,  a 
cursory  search  for  patterns  of  coincidence  of  nonnumerical 
site  characteristics  such  as  soil  type,  geographical 
location,  etc.  with  E   was  done  but  proved  unsuccessful. 
Simple  and  multiple  regression  of  E   on  guantitative 
environmental  measurements,  using  both  all  possible 
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Table  2.1   Summary  of  1984  on-farm  variety  test  results 
(from  SAFGRAD,  1984;  and  Johnson,  1988). 


North  Regions 

(42  Sites) 

Central  Recrions 

I  (46  Sites) 

Variety 

Yield 
(ka  ha1) 

Variety 

Yield 
(ka  ha1) 

S35 

Local 

38-3 

1070  af 
598  b 
596  b 

S35 

Local 

E35-1 

1573  a 
829  b 
975  b 

S.E. 

98.8 
271 

109.0 
305 

Rainfall (mm) $ 
Mean  Seeding  Date 

393 
7/3 

359 
7/6 

t  Means  in  a  row  followed  by  the  same  letter  are  not 
significantly  different  (p=0.05)  by  the  LSD  procedure. 
$   Rainfall  is  total  seasonal  rainfall. 


Table  2 . 2   Summary  of  1985  on-farm  variety  test  results 
(from  SAFGRAD,  1985;  and  Johnson,  1988) . 


Early-Seeded  (42  Sites) 

Late-Seeded 

(16  Sites) 

Variety 

Yield 

Variety 

Yield 

(ka  ha1) 

(ka  ha1) 

S35 

1866 

S35 

1416  at 

Local 

1721 

Local 

1156  ab 

S34 

1666  NS 

S36 

806  be 

S20 

601  c 

S.E. 

117.7 

160.1 

LSD(005) 

330 

453 

Rainfall (mm) $ 

504 

515 

Mean  Seeding  Date 

6/14 

6/28 

t  Means  in  a  row  followed  by  the  same  letter  are  not 
significantly  different  (p=0.05)  by  the  LSD  procedure. 
$  Rainfall  is  total  seasonal  rainfall. 
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Table  2.3   Summary  of  1986  and  1987  on-farm  variety  test 
results   (from  Testing  and  Liaison  Unit,  Maroua ,  1986,  1987; 
and  Johnson,  1988) . 


1986  (38  Sites) 1987  (35  Sites) 

Variety    Yield             Variety    Yield 
(ka  ha1) (kg  ha1) 


CS54 
CS61 
S35 
Local 

2201 
2168 
2164 
2128  NS 

S.E. 
LSD(005) 

145.4 
406 

Rainfall (mm) f 
Mean  Seeding  Date 

621 
6/22 

CS54 

2013 

CS61 

1934 

S35 

1889 

Local 

1825  NS 

123.4 

345 

604 

6/19 

t  Rainfall  is  total  seasonal  rainfall, 
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regressions  and  stepwise  techniques,  was  carried  out. 
SODECOTON  sectors  were  ordered  by  those  variables  important 
in  determining  E   to  see  whether  this  order  corresponded  to 
degree  of  adoption  of  S35.   Within  each  of  the 
"recommendation  domains"  identified  in  the  preceding  steps, 
confidence  intervals  were  graphed  for  each  variety  in  order 
to  estimate  the  role  that  reduced  risk  of  low  yields  may 
have  played  in  adoption  of  S35  in  each  domain.   Finally,  the 
site  characterization,  recommendation  domain  identification, 
and  risk  estimation  steps  were  repeated  for  the  1984  and 
1985  test  subsets  to  see  whether  the  same  conclusions  might 
have  been  reached  using  MSA  earlier  in  the  testing  and 
dissemination  process. 

Results  and  Discussion 

1984 

In  the  two  northern  regions  of  the  Center  North  zone, 
in  1984,  the  regression  component  of  MSA  indicated  that  the 
improved,  short-cycle  variety  S35  was  superior  in  yield  to 
38-3  and  locals  across  all  test  environments;  this 
superiority  increased  as  E   increased  (Figure  2.1).   While 
deviations  from  regression  mean  squares  for  S35  and  locals 
were  greater  than  those  for  38-3,  their  similarity  to  each 
other  suggested  that  the  regression  responses  of  the  two 
varieties  could  be  safely  compared.   Eliminating  38-3,  which 
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is  common  to  none  of  the  later  tests,  from  the  analysis,  and 
regressing  the  yields  of  S3 5  and  locals  on  an  E   based  on 
only  these  two  varieties,  gave  much  the  same  results  as  MSA 
of  all  three  varieties  (Figure  2.2).   S35  was  again  superior 
across  the  entire  range  of  environments.   The  relationship 
of  the  responses  of  S3 5  and  local  yields  can  be  considered 
one  of  "low-end  convergence."   There  was  little  or  no 
difference  in  very  low-yielding  environments  (E   «  0) — which 
is  to  be  expected,  given  the  nature  of  the  calculation  of 
E — and  an  ever-increasing  difference  in  the  yields  of  the 
two  varieties  as  E   increases.   Examination  of  the  range  of 
E,    from  very  near  zero  to  2300,  showed  a  concentration  of 
sites  with  E   between  750  and  1200,  and  another  concentration 
at  £<300. 

MSA  regression  for  the  three  central  regions  of  the 
Center  North  zone  in  1984  also  indicated  superiority  of  S35 
across  all  environments,  and  deviations  from  regression  mean 
squares  for  S3 5  and  locals  similar  to  each  other  and  greater 
than  those  of  the  third  variety,  E35-1  (Figure  2.3).   Again, 
relative  responses  of  S35  and  locals  analyzed  alone  (Figure 
2.4)  were  little  different  from  those  of  the  analysis 
including  three  varieties. 

For  all  of  the  separate  tests  to  be  discussed  here, 
this  similarity  between  S35  and  local  responses  in  a  two- 
variety  analysis  and  their  responses  when  all  the  varieties 
in  the  tests  were  included  held  true.   For  this  reason,  as 
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well  as  because  the  comparison  of  S35  to  locals  is  the  one 
of  chief  interest,  for  the  sake  of  clarity  only  the  two- 
variety  regressions  will  be  presented.   It  could  be  argued 
that  the  statistical  anomaly  of  interdependence  of  E   and 
individual  component  yields  for  which  MSA  has  been 
criticized  can  only  be  aggravated  by  restricting  the 
analysis  to  two  varieties.   It  should  be  recalled,  however, 
that  E   is  a  measure  not  just  of  "the  environment"  but  of  the 
productivity  of  the  environment,  and  more  specifically  of 
the  environment's  capacity  to  produce  a  particular  thing,  in 
this  case  sorghum  grain.   Further,  one  must  remember  that 
inferences  from  this  kind  of  regression  are  applicable  only 
to  the  varieties  included  in  the  analysis,  and  only  for  the 
environments  represented  by  the  test  environments.   If  we 
are  concerned,  then,  with  the  yield  and  stability  of  S35 
relative  not  to  all  other  sorghum  varieties  but  to  varieties 
specifically  adapted  to  local  conditions,  the  estimate  of 
"environment"  we  use  should  logically  be  the  capacity  of  the 
environment  to  produce  S3 5  and/ or  locals;  there  is  little  to 
be  gained  by  muddying  E   by  including  its  capacity  to  produce 
other  varieties  not  of  interest  for  the  comparison  at  hand. 

This  reductionist  approach  to  MSA,  when  justified  by 
the  goals  of  the  analysis,  can  provide  other  beneficial 
insights  into  the  mechanics  and  implications  of  the 
technique.   As  can  be  gleaned  from  study  of  the  figures 
illustrating  the  two-variety  regressions,  the  mean  of  the 
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slopes  of  the  two  regression  lines  is  always  unity.   Perhaps 
not  as  obvious  is  that  since  E   for  any  given  site  will  be 
the  mean  of  only  two  varieties  or  varietal  means,  the 
deviations  from  regression  mean  squares  will  be  the  same  for 
each  of  the  two  varieties.   It  follows  that  R2  for  the 
variety  with  b>l  is  greater  than  R2  for  the  other  with  b<l, 
and  that  the  difference  in  R2  corresponds  to  the  difference 
in  b;  such  was  the  case  for  each  of  the  analyses  presented 
here.   These  measures  of  "goodness  of  fit"  are  of  no 
interest,  then,  in  regressions  of  two  varieties  on  an 
environmental  index  calculated  as  the  mean  of  two  yields. 

Comparing  the  central  regions  in  1984  (Figure  2.4)  to 
the  northern  ones  (Figure  2.2),  the  relative  responses  of 
the  two  varieties,  while  still  converging  somewhat  at  the 
low  end  of  the  continuum  of  environments,  converged  so  much 
less  than  for  the  northern  regions  that  they  could  be 
considered  relatively  "parallel"  across  the  range  of  E.      The 
distribution  of  E   showed  generally  higher  values  than  in  the 
northern  regions,  with  a  concentration  between  1000  and 
1500,  and  no  concentration  at  values  less  than  500. 

Combining  the  northern  and  central  regions,  the 
responses  of  S3 5  and  locals  across  the  whole  of  the  Center 
North  zone  were,  not  surprisingly,  midway  between  those  of 
each  of  the  two  groups  of  regions.   They  were  perhaps  more 
like  those  of  the  north  regions,  with  a  distinct  low-end 
convergence  (Figure  2.5).   The  reason  for  this  was  not  just 
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1984,  North  Regions 


Grain  Yield  (t/ha) 


1  - 


S35:  b-1.34,  MS  Dev.  Reg.-129,000 
Locals:  b-0.82,  MS  Dev.  Reg.-106.000 
38-3:  b-0.84,  MS  Dev.  Reg.-62,000 


—    S35 
-^—    Locals 

-a-    38-3 


500  1000  1500  2000         2500 

Environmental  Index  (E) 


3000 


Figure  2 . 1 


Modified  Stability  Analysis,  all  varieties,  42 
sites,  north  regions,  1984. 
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1984,  North  Regions,  S35  vs.  Locals 

Grain  Yield  (t/ha) 


S35:  b-1.25 
Locals:  b-0.75 


wxmo    oooo 
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-t-    Locals 

0       E 
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Environmental  Index  (E) 


Figure  2.2   Modified  Stability  Analysis,  S35  and  locals,  42 
sites,  north  regions,  1984. 
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1984,  Central  Regions 


Grain  Yield  (t/ha) 


-1 


S35:  b-1.04,  MS  Dev.  Reg.-144,000 
Locals:  b-0.89,  MS  Dev.  Reg.-136.000 
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-*-    E35-1 
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Environmental  Index  (E) 


Figure  2.3   Modified  Stability  Analysis,  all  varieties,  46 
sites,  central  regions,  1984. 
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1984,  Central  Regions,  S35  vs.  Locals 

Grain  Yield  (t/ha) 


-1 


S35:  b-1.08 
Locals:  b-0.92 
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Figure  2.4   Modified  Stability  Analysis,  S35  and  locals,  46 
sites,  central  regions,  1984. 
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1984,  S35  vs.  Locals 


Grain  Yield  (t/ha) 


S35:  b-1.17 

Locals:  b'0.83 
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Figure  2.5  Modified  Stability  Analysis,  S35  and  locals, 
87  sites,  1984. 
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chance,  but  rather  can  be  explained  by  examination  of  the 
distribution  of  environmental  indices.   Over  all  88  sites, 
there  was  a  general  concentration  of  Es   between  500  and 
1500.   There  is  still,  nevertheless,  an  important 
concentration  of  E   values  very  near  zero  which  exert  great 
influence  on  the  overall  shape  of  the  relative  responses. 

1985 

The  responses  of  S3 5  and  locals  in  the  early-seeded 
tests  of  1985  (Figure  2.6)  were  different  from  those  in  the 
1984  tests.   The  relative  linear  responses  of  the  two 
varieties  were,  if  not  parallel,  then  slightly  convergent 
toward  the  high  end  of  the  E   continuum.   Yield  of  S35  was 
not  at  all  different  from  local  yields  in  high-yielding 
environments.   While  ANOVA  of  early-seeded  sites  showed  no 
overall  difference  in  yields  between  the  two  varieties 
(Table  2.2,  p.  21),  MSA  regression  indicated  that  S35  may  in 
fact  be  superior  in  the  lower-yielding  environments.   The 
distribution  of  environments  is  characterized  by  higher 
overall  yields  than  in  1984,  with  no  sites  yielding  less 
than  500  kg  ha"1,  several  with  E>2500,  and  a  quite  broad 
concentration  of  E   values  between  1000  and  2500. 

Late-seeded  tests  in  1985,  with  distribution  of  E 
values  more  similar  to  1984  than  to  early-seeded  1985  tests 
also  had  yield  responses  across  environments  similar  to  1984 
(Figure  2.7).   Differences  from  one  group  of  tests  to 
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another  in  1984  and  1985  seemed  very  much  tied  to, 
if  not  entirely  determined  by,  the  distribution  of  E. 

1986  and  1987 

Regressions  of  the  two  varieties  in  1986  and  1987  were 
more  like  each  other  than  like  any  of  the  1984  or  1985 
tests.   It  might  be  argued  that  the  1986  tests  (Figure  2.8) 
displayed  a  low-end  convergence,  as  in  1984,  and  that  in 

1987  there  was  a  cross-over  of  the  regression  lines,  with 
S3 5  producing  better  than  locals  in  low-yielding 
environments  and  worse  than  locals  in  high-yielding 
environments  (Figure  2.9).   More  to  the  point,  perhaps,  the 
yields  of  S35  and  locals,  with  no  overall  mean  difference 
(Table  2.3),  also  appeared  to  be  very  close  to  each  other  or 
identical  across  the  entire  range  of  environments. 

Modified  Stability  Analysis  is  intended  to  allow 
identification  of  specifically  adapted  varieties  or 
technologies  in  a  limited  time  by  substituting  locations  for 
years.   One  would  hope,  therefore,  that  any  trials  with  a 
certain  minimum  number  of  sites  would  produce  pretty  much 
similar  results.   If  the  first  year  of  on-farm  tests  with 
S35  had  been  conducted  in  1985,  particularly  if  there  had 
been  no  second  group  of  sites  where  farmers  had  been 
instructed  purposefully  to  seed  late,  the  prospects  for 
extension  of  the  variety  might  have  been  quite  different 
than  they  were  after  the  1984  tests.   Even  had  MSA  been 
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1985,  Early-Seeded,  S35  vs.  Locals 

Grain  Yield  (t/ha) 
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Figure  2.6   Modified  Stability  Analysis,  S35  and  locals,  42 
early-seeded  sites,  1985. 
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1985,  Late-Seeded,  S35  vs.  Locals 

Grain  Yield  (t/ha) 
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Figure  2.7   Modified  Stability  Analysis,  S35  and  locals,  16 
late-seeded  sites,  1985. 


1986,  S35  vs.  Locals 
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Figure  2.8   Modified  Stability  Analysis,  S35  and  locals,  38 
sites,  1986. 
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Figure  2.9   Modified  Stability  Analysis,  S35  and  locals,  35 
sites,  1987. 
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used,  one  might  have  concluded  in  1984  that  S3 5  was  superior 
in  high-yielding  environments  (Figure  2.5) — what  one 
traditionally  expects  from  an  "improved"  variety.   Had  1985 
been  the  first  year  of  testing,  and  had  no  specifically 
late-seeded  tests  been  done  that  year,  MSA  might  have  been 
interpreted  to  show  S3 5  superior  in  low-yielding 
environments  (Figure  2.6).   On  the  other  hand,  however,  had 
either  1986  or  1987  been  the  first  year  of  testing,  one 
might  have  concluded  either  that  S3 5  was  superior  in  low- 
yielding  environments,  or  that  there  was,  in  fact,  no  real 
difference  between  S3 5  and  locals  in  either  group  of 
environments . 

It  could  also  be  argued  that  the  year-to-year 
differences  between  relative  response  across  environments  of 
S3 5  and  of  locals  are  unimportant.   This  view  would  hold 
simply  that  S3 5  in  all  groups  of  tests  is  either  superior  to 
locals  or  at  least  no  worse  than  locals.   From  this 
argument,  S3 5  should  be  recommended  everywhere;  there  is,  in 
FSR/E  terms,  a  singe  recommendation  domain.   We  know, 
however,  that  farmers  are  not  adopting  S3 5  everywhere.   The 
problem  is  twofold:   how  do  we  reconcile  the  differences 
between  the  various  groups  of  on-farm  tests;  and  how  do  we 
reconcile  the  performance  of  S35  in  high-  and  low-yielding 
environments  with  the  pattern  of  S3 5  adoption  since 
extension  of  this  variety  began. 
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One  step  in  resolving  at  least  the  first  of  these 
dilemmas  is  to  recognize  that  the  various  groups  of  tests 
represent  essentially  different  research  domains.   Tests  in 
1984  had  extremely  late  dates  of  seeding,  both  in  the 
northern  and  the  central  regions  (Table  2.1).   This  lateness 
was  not  just  due  to  the  lateness  of  rains,  but  due  to  the 
mechanics  of  the  testing  program  that  year;  test  inputs  and 
protocols  were  distributed  much  later  in  1984  than  in 
succeeding  years  because  of  a  change  in  the  leadership  of 
the  SAFGRAD  program  which  necessitated  retarding  somewhat 
the  planning  and  design  phases  of  testing.   Thus  the  1984 
sample  of  sites  represented  not  just  a  target  population  of 
farms  ("research  domain")  in  a  very  low  rainfall  year,  but  a 
population  of  farms  seeded  late  in  a  very  dry  year. 

It  is  more  immediately  obvious  that  there  were  two  de 
facto  research  domains  in  1985,  determined  by  the  test 
structure:  farms  seeded  late  in  a  moderately  good  rainfall 
year,  and  farms  seeded  early  in  the  same  year.   Similarly, 
the  research  domain  represented  in  1986  and  1987  was  a 
population  of  farms  seeded  between  10  and  20  June  in  good 
rainfall  years. 

It  should  also  be  noted  that  the  sample  of  test  farms 
in  1984  differed  from  those  of  later  years  in  terms  of  rate 
of  fertilizer  applied.   Since  fertilization  is  a  factor 
expected  to  be  in  interaction  with  other  factors  that 
determine  E,    such  as  rainfall,  any  definition  of  the 
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research  domain,  i.e.,  the  population  of  farms  for  which 
inferences  can  be  drawn  from  a  set  of  tests,  must  also 
include  fertilization.   In  the  present  study,  differences  in 
environment  caused  by  native  fertility  are  confounded  by 
different  fertilizer  rates  applied  in  the  tests. 

To  look  at  a  larger  research  domain,  more  nearly 
approximating  the  population  of  all  small  farms  in  the 
Center  North  for  all  years,  all  of  the  test  sites  from  1984 
to  1987  were  combined.   This  was,  of  course,  only  an 
approximation;  it  did  not  include,  for  example,  early-seeded 
or  low-fertility  sites  in  a  poor  rainfall  year  nor  very 
early-  or  very  late-seeded  sites  in  a  good  rainfall  year 
(Tables  2.1  to  2.3).   Whether  exclusion  of  these  kinds  of 
environments  from  the  sample  of  tests  is  important  depends 
on  the  validity  of  an  implied  assumption  of  MSA  regression: 
that  the  treatment-by-environment  interaction  is  independent 
of  the  reasons  for  an  environment  being  "high"  or  "low." 

MSA  regression  for  239  on-farm  test  sites  over  four 
years  showed  linear  responses  of  S35  and  locals  that  were 
slightly  convergent  at  the  high  end  of  the  E   continuum 
(Figure  2.10).   While  S35  appeared  superior  across  all 
environments,  this  superiority  was  greater  in  low-yielding 
environments  and  practically  non-existent  in  high-yielding 
ones.   This  was  similar  only  to  the  response  for  the  early- 
seeded  test  in  1985  (Figure  2.6).   Note  that  the 
distribution  of  E   for  this  set  of  all  sites,  like  that  of 


42 
the  early-seeded  1985  tests  (and  unlike  any  of  the  other 
subsets) ,  had  a  wide  range  and  a  broad  concentration  of 
values  from  under  1000  to  well  over  2500,  weighted  perhaps 
on  the  low  end.   It  was  also  not  dominated  by  concentrations 
of  either  very  high  or  very  low  values. 

The  purely  linear  regression  predicted  yields  of  locals 
to  be  less  than  zero  at  very  low  values  of  E.      Since  this  is 
clearly  impossible,  it  is  certain  that  no  matter  how  good 
the  linear  estimate  of  local  yield  response  is  at  Es   greater 
than  300  or  400,  at  some  point  that  linear  relationship 
between  E   and  yield  of  locals  must  change.   A  hypothetical 
illustration  of  this  necessary  modification  is  presented  in 
Figure  2.11.   A  change  in  the  locals'  response  will  of 
course,  by  the  nature  of  the  calculation  of  E,    entail  a 
symmetrical  change  in  the  shape  of  the  S3 5  response.   These 
changes  in  the  varietal  responses  to  E   may  be  either  two 
different  linear  responses,  as  illustrated,  or  some  sort  of 
curved  (guadratic  or  other)  response.   A  "best"  fit  of  the 
predicted  response  function (s)  can  be  determined  by 
appropriate  statistical  techniques,  but  since  modelling  of 
the  response  was  unlikely  to  improve  delineation  of  specific 
adaptability  to  environments,  it  was  not  attempted. 

The  nonlinearity  of  the  response  of  S35  and  locals 
across  environments  could  be  seen  by  plotting  the  1984-87 
yield  data  (Figure  2.12).   It  was  clear  that  the  data  points 
for  S35  yield  and  for  yield  of  locals,  converging  at  zero  E, 
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diverged  as  E   increased  to  about  1000  or  1500.   Yields  of 
locals  close  to  zero  at  a  number  of  sites  up  to  E   =  1000 
contributed  strongly  to  this  impression  of  divergence.   The 
data  for  Es   greater  than  1500  seemed  to  show  that  yields  of 
the  two  varieties,  separate  at  E  =  1000  or  so,  converged  as 
Es   became  greater  than  2000-2500. 

Further  verification  of  this  idea  of  a  "curved" 
response  of  varieties  to  E   was  furnished  by  performing  MSA 
regression  analysis  on  three  different  segments  of  the  E 
continuum  from  the  1984-87  data  (Table  2.4).   Regression  of 
S35  and  local  yields  on  Es   less  than  1000  produced  responses 
which  converged  sharply  at  the  low  end  (intercepts  nearly 
equal,  slope  of  S35  above  unity  and  slope  of  locals  well 
below  unity) .   Note  the  similarity  of  this  result  to  the 
regressions  from  the  1984  northern  regions,  data  (Figure 
2.2).   This  sort  of  response  could  be  expected  not  only  from 
data  with  no  E   values  above  1000,  but  also  from  data 
strongly  dominated  by  very  low  values.   Examination  of  yield 
data  for  all  of  the  1984  tests  plotted  on  E   showed  that 
yields  of  S35  and  locals  at  E   greater  than  1500  were  not  so 
sharply  divergent  (Figure  2.13).   Being  few  in  number, 
however,  they  could  not  counteract  the  influence  of  many 
low-end  data  points  in  determining  the  shape  of  the 
regression  response  (Figure  2.5). 

Regression  on  the  range  of  Es   between  500  and  1500 
(Table  2.4)  produced  estimated  responses  which,  although 
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still  convergent  toward  the  low  end,  are  much  less  so  than 
for  data  dominated  by  low  values  of  E.      These  responses 
resemble  those  for  the  1984  central  region  data  (Figure  2.4) 
and  the  1985  late-seeded  data  (Figure  2.7),  dominated 
neither  by  high  nor  by  low  values  of  E.      Grouping  1984  and 
1985  sites  together  produced  a  data  set  with  neither  high- 
nor  low-end  dominance  (Figure  2.14);  estimated  responses  of 
S35  and  locals  were  almost  parallel  (Figure  2.15). 

Returning  to  Table  2.4,  regression  on  the  range  of  Es 
greater  than  1000  produced  response  lines  for  S3 5  and  locals 
that  were  slightly  convergent  at  the  high  end  (slope  of  S35 
less  than  unity,  slope  of  locals  greater  than  unity) ,  with 
less  overall  mean  yield  difference  than  for  the  subsets  with 
lower  E   values.   This  type  of  response  corresponded  well  to 
those  from  the  1985  early-seeded  data,  which  were  somewhat 
more  dominated  by  environments  with  £>1000  (Figure  2.6). 
Similarly,  and  in  line  with  this  trend,  regression  on 
£>1700,  not  shown  in  Table  2.4,  produced  responses  with 
practically  equal  slopes  (S35  =  1.02,  locals  =  0.98)  and 
very  little  difference  in  overall  mean  yield  (-175  kg  ha"1)  . 
This  was  quite  similar  to  the  results  of  MSA  for  the  1986 
and  1987  data  (Figures  2.8  and  2.9). 

It  will  be  assumed,  then,  that  the  linear  response  of 
S35  and  locals  across  all  239  sites  from  the  combined  1984- 
87  data  set  was  an  acceptably  accurate  picture  of  the 
variety-by-environment  interaction  for  these  two  types  of 
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Figure  2.10   Modified  Stability  Analysis,  S35  and  locals, 
239  sites,  1984-87. 
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1984-87,  S35  vs.  Locals  (Hypothesis) 
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Figure  2.11 


Modified  Stability  Analysis,  hypothetical 
curved  response  of  S35  and  locals,  1984-87. 
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Figure  2.12  S35  and  locals  plotted  on  environmental  index, 
239  sites,  1984-87. 
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Table  2.4   Regressions  of  yields  of  S35  and  locals  on  three 
segments  of  the  range  of  E,    1984-87. 
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1984,  S35  vs.  Locals,  Scatter 
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Figure  2.13   S35  and  locals  plotted  on  environmental  index, 
87  sites,  1984. 
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1984-85,  S35  vs.  Locals,  Scatter 
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Figure  2.14   S35  and  locals  plotted  on  environmental  index, 
146  sites,  1984-85. 
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1984-85,  S35  vs.  Locals 
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Figure  2.15  Modified  Stability  Analysis,  S35  and  locals, 
146  sites,  1984-85. 
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sorghum  in  the  Center  North  zone.   Differences  in  the 
individual  year  test  data  could  be  explained  by  considering 
these  data  merely  subsets  of  the  larger  research  domain, 
each  with  its  own  characteristic  distribution  of  E.      Those 
with  distributions  of  E   most  similar  to  that  of  the  overall 
dataset  were  more  representative  samples  of  the  whole 
research  domain;  the  others  were  representative  of 
incomplete  segments  of  the  research  domain. 

How  could  this  information  be  used  to  predict  specific 
adaptability  of  S3 5  and  identify  recommendation  domains  for 
it?   Further,  how  could  it  be  used  to  help  judge  the 
usefulness  MSA  might  have  had  in  that  identification  process 
early  in  the  on-farm  testing  of  S3 5?   The  key  seemed  to  be 
in  appropriate  classification  of  environments.   Ranking 
sites  by  E,  then  looking  for  patterns  of  correspondence  of 
non-numeric  site  characteristics  such  as  soil  texture, 
geographical  location,  previous  crop,  etc.  with  E   proved 
unsuccessful.   The  two  numerical  variables  for  which  data 
existed  over  all  four  test  years  were  rainfall  and  date  of 
seeding.   Simple  and  multiple  linear  regression  of  E   on 
these  variables  was  performed.   The  simple  regressions,  for 
all  four  years,  for  1984  only,  for  1985  only,  and  for  1984 
and  1985  together,  are  presented  in  Table  2.5. 

For  the  1984-87  data  taken  together,  there  was  a 
significant  negative  linear  relationship  between  E   and  date 
of  seeding;  i.e.,  the  later  the  date  of  seeding,  the  lower 
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the  site  mean.   There  was  also  a  significant  positive 
relationship  between  rainfall  in  the  first  90  days  after 
seeding  and  E,    although  this  parameter  accounted  for  much 
less  of  the  variability  in  E   than  did  date  of  seeding — 7% 
versus  17%  (Table  2.5). 

It  was  hypothesized  from  the  shape  of  the  responses  of 
S35  and  locals  across  all  years  (Figure  2.10)  that  S35  might 
be  more  adapted,  in  terms  of  grain  yield  at  least,  to  low- 
yielding  environments,  since  the  difference  between  its 
yields  and  those  of  locals  is  greatest  in  that  domain.   Even 
if  the  two  response  lines  were  parallel,  rather  than 
slightly  divergent  at  the  low  end,  as  indicated  by  MSA,  a 
given  difference  in  low-yielding  environments  would  be  much 
more  important  to  farmers  (as  a  large  percentage  of  total 
yield)  than  would  be  an  equal  difference  in  high-yielding 
environments . 

Given  the  relationship  between  E   and  date  of  seeding, 
it  was  further  hypothesized  that  S3 5  might  be  more 
acceptable  to  farmers  as  a  substitute  for  their  locals  in 
those  areas  where  late  seeding  is  common.   Based  on  the  same 
1984-87  varietal  test  data,  SODECOTON  sectors  were  ranked  by 
date  of  seeding  of  those  varietal  tests  (Table  2.6).   The 
sectors  in  which  S3 5  is  known  ex  post  facto   to  be  more 
readily  adopted  were,  in  general,  among  the  later-seeding 
sectors  in  this  ranking.   Further,  the  five  latest-seeding 
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sectors  are  also  low-rainfall  sectors  on  the  northernmost 
edge  of  the  Center  North  zone,  as  is  the  sector  Moulvoudaye. 

The  fact  that  there  was  less  than  perfect 
correspondence  (i.e.,  that  the  very  latest-seeded  sectors 
were  not  those  with  the  highest  adoption  of  S3 5)  was  due  no 
doubt  both  to  the  many  factors  other  than  date  of  seeding 
that  determine  E   and  to  the  many  factors  other  than  grain 
yield  that  influence  adoption  of  a  sorghum  variety. 
Hina  sector,  for  example,  is  not  a  low  rainfall  sector;  in 
addition,  the  Hina  possess  an  unusually  small  number  of 
local  varieties  to  which  they  are  highly  attached  and  resist 
S35  strongly  for  its  taste  and  cooking  gualities.   Koza  and 
Kourgui  sectors,  on  the  other  hand,  while  not  ranking  among 
the  latest-seeding  sectors  from  these  test  data  have  human 
populations  which  are  more  accepting  of  the  taste  of  S35. 
In  addition,  proximity  to  both  an  IRA  research  site  and  a 
seed  multiplication  project,  may  have  increased  farmer 
contact  and  familiarity  with  the  new  variety,  and  a  relative 
lack  of  bird  pressure  may  also  have  served  to  increase 
acceptance. 

Could  the  same  sort  of  recommendation  domain  for  S3 5, 
i.e.,  sectors — particularly  low-rainfall  ones — where  farmers 
tend  to  seed  late,  have  been  identified  by  Modified 
Stability  Analysis  after  the  1984  test  season?  Although  the 
significant  negative  linear  relationship  between  date  of 
seeding  and  E   holds  true  for  the  1984  data  alone  (Table 
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2.5b),  it  accounts  for  only  3%  of  variability  in  E,    due  no 
doubt  to  the  fact  that  all  tests  sites  were  seeded  unusually 
late  that  year.   More  importantly,  the  relative  responses  of 
S3 5  and  locals  would  probably  have  led  one  to  think  that  S3 5 
should  be  recommended  either  everywhere  or  in  high-yielding 
sites.   This  impression  would  have  been  confounded  with  the 
low-yielding  nature  of  all  sites  in  1984,  making  1984  test 
sites  an  unrepresentative  sample  of  all  years,  as  discussed 
above.   Similar  confounding  would  result  from  the  high 
fertility  level  of  1984  tests.   It  is  possible,  for  example, 
that  the  higher-yielding,  early-seeded  (and  presumably 
higher  rainfall)  sites  in  1984  favored  S35  because  S35  was 
under  these  conditions  better  able  to  respond  to  high 
fertilizer  levels  than  locals — levels  that  did  not  exist  in 
later  tests.   In  any  event,  it  is  unlikely  that  a 
relationship  between  late-seeded  sites  (or  sectors)  and 
increased  superiority  of  S3 5  over  locals  would  have  been 
recognized. 

Had  the  on-farm  testing  of  S35  begun  in  1985,  MSA  would 
have  indicated  the  increased  yield  superiority  of  S3 5  over 
locals  in  low-yielding  environments  (Figure  2.16),  and 
regression  of  E   on  date  of  seeding  would  have  shown  the 
negative  relationship  of  date  of  seeding  and  E    (Table  2.5c). 

If  MSA  had  been  performed  after  the  1985  season  on  the 
1984  and  1985  data  combined,  the  yield  superiority  of  S35  in 
low-yielding  environments — in  terms  of  relative,  if  not 
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absolute  yield  differences — might  very  well  have  been 
recognized  (Figure  2.15).   Regression  of  date  of  seeding  on 
E   for  the  combined  1984-85  dataset  would  also  have 
identified  a  negative  relationship  as  significant  and 
accounting  for  as  much  of  E   as  for  the  entire  4 -year  dataset 
(Table  2.5d).   Ranking  SODECOTON  sectors  by  mean  date  of 
seeding  of  1984-85  tests  resulted  in  a  recognizable 
correspondence  of  late  seeding  with  S3 5  adoption,  but  this 
correspondence  was  much  less  clear  than  for  the  1984-87  data 
taken  together  (Table  2.7).   This  is  probably  because  so 
many  of  the  1984  test  sites  were  seeded  late  for  test- 
related  reasons  rather  than  because  of  farmers*  decisions 
based  on  environmental  conditions;  the  1984  tests 
comprise  more  than  half  of  the  1984-85  data,  but  only  a 
third  of  the  data  for  all  four  years. 

From  the  above,  it  was  evident  that  the  1985  tests 
alone  allowed  better  identification  of  the  recommendation 
domain  of  late-seeded  sectors  than  did  the  1984  tests  alone 
because  the  set  of  1985  tests  more  closely  approximated  the 
larger  research  domain  in  terms  of  range  and  distribution  of 
environmental  indices  and  in  terms  of  range  of  seeding 
dates.   The  combined  1984-85  data  were  even  more 
representative  and  would  have  been  more  likely  to  produce 
recommendation  domains  similar  to  those  from  the  1984-87 
data  than  would  have  been  either  the  1984  or  1985  data 
alone.   It  should  be  noted  here  that  the  1985  data  were 
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uncharacteristic  in  terms  of  the  relationship  between  E   and 
rainfall,  which  was  actually  negative  in  1985.   The  reasons 
for  this  anomaly  were  unclear,  but  the  hypothesized 
recommendation  domain  for  S35  drawn  from  1984-87  data — i.e., 
late-seeded,  low-rainfall  sectors — could  not  have  been 
deduced  from  either  the  1985  data  alone  nor  the  combined 
1984-85  data  (Table  2.5c,d). 

It  is  worth  noting  that  had  the  on-farm  testing  of  S3 5 
begun  in  1986  rather  than  in  1984,  both  the  data  from  1986 
alone  and  those  from  1986  and  1987  combined  would  most 
probably  have  led  to  the  conclusion  that  S3 5  was  not 
superior  to  local  varieties.   This  would  certainly  have  been 
the  case  had  analysis  relied  on  ANOVA  alone  (Table  2.3). 
Even  MSA  would  not  have  indicated  a  superiority  after  the 
1986  season  (Figure  2.8).   Modified  Stability  Analysis  might 
have  led  to  recognition  of  yield  advantages  of  S3 5  in  poor 
environments  in  1987  (Figure  2.9),  but  these  advantages  are 
considerably  less  striking  than  those  exhibited  in  1984. 

There  are  two  ways  of  going  about  establishing 
recommendation  domains  when  interpreting  the  superiority  of 
S35  to  locals  in  late-seeded  sites.   The  first  is  to 
consider  the  recommendation  domain  as  "farmers  who  seed 
late"  or  even  "late-seeded  fields  of  sorghum".   The  problem 
with  this  approach  is  that  it  is  impossible  in  any  given 
year  to  identify  those  farmers  or  those  fields  ex  ante.      The 
most  one  can  do  is  sell  S35  seed  to  a  farmer  and  say  "this 
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is  for  planting  late."   Farmers  in  the  semi-arid  regions  of 
Africa,  however,  are  used  to  planting  sorghum  with  the  first 
good  rains,  knowing  that  it  is  possible  that  the  next  rains 
may  not  come  until  too  late  to  plant,  or  at  least  so  late 
that  sorghum  planting  will  interfere  with  planting  other, 
higher  value  crops.   Some  no  doubt  will  wait  to  plant  their 
S3 5  in  the  recommended  range  of  planting  dates;  many,  moved 
by  habit  and  adherence  to  a  proven  traditional  survival 
strategy,  will  not. 

Farmers  who  do  not  wait  to  seed  will  predictably  have 
yields  of  S3 5  not  much  better,  perhaps  worse  than  their 
local  yields.   If  farmers  who  tend  to  seed  early  comprise 
the  vast  majority  of  those  planting  S3 5  in  a  sector,  it  is 
unlikely  that  adoption  will  take  off  in  that  sector.   If 
farmers  generally  seed  late,  adoption  is  more  likely.   This 
is  especially  true  if  S3 5  is  part  of  a  package  that  requires 
behavioral  modifications  other  than  retarding  seeding  date. 

The  question  then  is  one  of  efficiency  of  extension 
efforts.   To  achieve  efficiency,  current  farmer  practices 
must  be  taken  into  account.   Should  one  extend  S3 5  and 
concurrently  try  to  change  farmer  practices  in  order  to 
maximize  S35*s  inherent  advantages,  or  should  one  extend  S35 
where  farmers'  current  practices  are  most  likely  to  permit 
S35*s  advantages  to  manifest  themselves?   If  extension  has 
the  resources  to  educate  farmers  over  the  long  term  and  a 
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long-term  perspective  not  easily  given  to  discouragement, 
perhaps  the  first  option  is  a  viable  one. 

The  first  option  of  furthering  S35  adoption  by 
educating  farmers  to  take  advantage  of  its  ability  to  be 
planted  late  is  an  ideal  one.   If  S3 5  could  be  extended  in  a 
recommendation  domain  comprised  of  farmers  who  seed  late, 
its  advantages  in  terms  of  reduced  risk  would  be  maximized. 
This  was  illustrated  by  confidence  limits  of  S3 5  and  locals 
in  the  domain  of  1984-87  test  sites  seeded  before  25  June 
versus  S35  and  locals  in  the  domain  of  sites  seeded  after  25 
June  (Figure  2.17).   Only  the  lower  confidence  limits  are 
illustrated,  calculated  as  the  mean  of  the  variety  within  a 
given  domain  minus  the  product  of  the  standard  deviation  of 
the  mean  and  the  t  value  corresponding  to  a  given  a  level 
and  the  number  of  degrees  of  freedom  for  the  mean.   The  risk 
coefficient  is  the  chance,  expressed  as  a  percentage,  that 
the  true  value  of  the  mean  is  less  than  the  lower  confidence 
limit.   The  reduced  risk  of  very  low  yields  from  seeding  S3 5 
rather  than  locals  in  the  late-seeded  sites  was  clearly 
greater  than  the  reduction  in  risk  in  the  early-seeded 
sites.   The  problem  from  a  practical  extension  point  of  view 
is  that  in  some  sectors  there  will  be  many  farmers 
benefitting  from  this  greater  reduction  in  risk  and  in  other 
sectors  there  will  be  very  few  farmers;  both  sets  of 
sectors,  however,  will  be  receiving  the  same  level  of 
extension  efforts. 
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The  second  extension  option,  that  of  targeting  for  S35 
extension  only  those  sectors  where  farmers  generally  seed 
late  is  far  less  ideal,  in  terms  of  maximizing  S35's 
potential  for  reducing  low-end  risk,  but  is  still  a  viable 
one.   Confidence  limits  for  S3 5  and  locals  were  graphed  for 
the  domain  of  generally  early-seeding  sectors  (where  average 
date  of  seeding  was  before  25  June)  and  for  the  domain  of 
generally  late-seeding  sectors  (Figure  2.18).   Since  each 
domain  comprised  both  early-seeded  and  late-seeded  sites, 
the  greater  reduction  in  risk  of  late-seeded  S35  versus 
late-seeded  locals  was  less  evident,  being  in  effect 
somewhat  "diluted."   The  reduction  in  risk  was  nevertheless 
illustrated.   Using  the  accepted,  if  not  statistically  pure, 
interpretation  of  this  graph,  locals  in  the  late-seeded 
sectors  had  almost  a  25%  chance  of  yielding  less  than  1200 
kg  ha"1,  while  S3 5  in  the  same  sectors  had  less  than  a  1% 
chance.   Early-seeded  sectors  also  had  a  great  reduction  in 
risk  from  S3 5  (primarily  because  they  too  comprised  some 
late-seeded  sites) ,  but  the  importance  of  this  reduction  in 
risk  is  less  than  in  late-seeded  sites  since  overall  mean 
yields  are  higher.   More  to  the  point,  in  terms  of 
efficiency  of  extension  efforts,  the  number  of  farmers  who 
benefit  from  reduction  in  risk  is  greater  in  the  late-seeded 
sectors  than  in  the  early-seeded  ones. 

The  results  of  this  study,  while  having  particular 
reference  to  northern  Cameroon,  could  be  applicable  to 
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efforts  to  develop  and  extend  improved  sorghum  varieties  in 
other  parts  of  semi-arid  West  Africa,  especially  since  so 
many  of  those  efforts  are  concentrating  on  short-cycle, 
relatively  photoperiod-insensitive  varieties.   In  a  broader 
sense,  some  aspects  might  be  applicable  to  all  on-farm 
research  in  an  FSR/E  context.   Modified  Stability  Analysis 
is  not  a  technigue  that  will  magically  and  simply  identify 
superior  technologies  and  define  appropriate  recommendation 
domains  by  a  series  of  rote  operations:  regression  on  site 
means;  characterization  of  environments;  delineation  of 
domains  according  to  high-  and  low-yielding  environments, 
and  graphing  of  confidence  limits.   MSA,  in  short,  is  not  a 
substitute  for  intimate  knowledge  of  the  farming  system  (the 
research  domain)  for  which  one  wants  to  draw  inferences  from 
the  on-farm  tests,  but  can  be  useful  in  complementing  that 
knowledge. 

In  the  present  study,  knowledge  of  the  sector-to-sector 
differences  in  average  date  of  seeding  and  average  rainfall 
were  as  important  as  knowledge  of  how  well  S3 5  and  locals 
tolerate  late  seeding  and  poor  rainfall.   Even  so,  those  two 
parameters  accounted  for  only  25%  of  the  environmental 
index,  and  would  not  have  been  precise  in  predicting  which 
sectors  would  adopt  S35.   Knowledge  of  sector-to-sector 
differences  in  soil  type,  soil  fertility,  and  bird  and 
striga  pressure  might  also  have  increased  precision  in 
predicting  where  S3 5  would  be  adopted,  as  would  knowledge  of 
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sector-to-sector  differences  in  taste  or  storage 
preferences,  degree  of  animal  traction,  etc. 

Knowledge  of  the  research  domain  is  also  necessary  in 
deciding  if  the  set  of  test  environments  is  an  adeguately 
representative  sample  of  all  sites  in  the  domain  over  all 
years.   FSR/E  researchers  often  criticize  on-station 
researchers  for  drawing  conclusions  aimed  at  small-scale, 
limited-resource  farmers  from  trials  done  on  research 
stations  that  are  very  different  from  farmers'  fields.   In 
northern  Cameroon,  for  example,  on-station  varietal 
performance  trials  commonly  have  grand  mean  yields  of  4000- 
6000  kg  ha"1.   These  trials  are  very  good  for  identifying  the 
yield  potential  of  varieties,  but  have  little  immediate 
relevance  to  farmers;  thus,  the  need  for  on-farm  tests.   In 
the  present  study,  the  representativeness  of  the  1986  data 
alone  or  the  1987  data  alone  was  doubtful;  it  seemed  obvious 
on  the  face  of  it,  that  data  with  mean  local  yields  of 
approximately  2000  kg  ha"1  were  probably  of  little 
inferential  value  for  a  research  domain  of  farmers  with  mean 
local  yields  of  900  kg  ha"1.   On  the  other  hand,  the  data  for 
1984  alone  was  unrepresentative  for  different  reasons. 

It  is  not  that  the  1984,  1986,  and  1987  data  were  not 
valuable,  just  that  in  themselves  they  gave  an  inaccurate, 
i.e.,  incomplete,  view  of  the  broader  situation.   Perhaps  it 
is  true  that  a  large  number  of  on-farm  test  sites  is  most 
often  a  better  sample  than  a  small  number,  but  only  because 


63 
it  is  more  likely  to  be  a  more  representative  sample  of  the 
larger  research  domain.   Such  does  not  have  to  be  true, 
however,  if  one  knows  the  range,  distribution,  and  make-up 
of  on-farm  environments  that  characterize  the  research 
domain.   The  239  environments  from  all  four  years  was 
undoubtedly  a  better  sample  than  the  88  environments  in 
1984;  but  these  88  alone,  as  well  as  the  73  environments  in 
1986-87,  were  probably  a  less  representative  sample  than  the 
58  environments  in  1985. 

The  simple  linear  regression  component  of  MSA,  as 
usually  employed,  would  have  certainly  indicated  to 
researchers  a  superiority  of  S35  corresponding  to  the  later- 
known  pattern  of  adoption  in  only  one  year  taken  alone, 
i.e.,  1985.   It  might  possibly  have  done  so  in  1987,  but 
this  is  far  less  certain.   Only  by  using  some  multiple 
regression  of  yields  on  E   would  the  1984  data  have  shown 
such  a  pattern,  and  even  this  possibility  is  arguable.   MSA 
as  a  tool  allowing  substitutions  of  many  test  locations  in  a 
single  year  to  substitute  for  two  or  more  years  of  testing 
depends,  it  would  seem  from  this  study,  on  the  single  year's 
data  (environments)  being  quite  representative  of  the  entire 
population  of  environments,  over  both  space  and  time,  in  the 
research  domain. 

It  is  true  that  in  the  present  study,  the  advantage  of 
hindsight  was  ever-present.   Nevertheless,  the  potential 
advantages  of  MSA  shown  herein,  seemed  plausible,  although 


64 
highly  dependent  upon  judicial  selection  of  an  appropriate 
test  sample  which  might  not  always  be  easy  to  identify  ex 
ante,    and  upon  a  highly  refined  familiarity  with  the  target 
research  domain  and  with  the  goals  and  capabilities  of  the 
existing  extension  services. 
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Table  2.5   Regressions  of  E    (S35  and  locals)  on  date  of 
seeding1  (DOS)  and  on  rainfall*,  1984-87,  1984,  1985,  and 
1984-85. 


a) 

1984-87* 

Intercept 
b 

R2 

P 

DOS 

Rainfall 

5979 

-25.4 

0.17 

0.0001 

864 

1.3 

0.07 

0.0003 

b) 

1984 

Intercept 
b 

R2 

P 

DOS 

Rainfall 

3140 
-11.4 

0.03 
0.022 

645 

1.04 

0.03 

0.088 

c) 

1985 

Intercept 
b 

R2 

P 

DOS 

Rainfall 

5470 
-22.6 

0.13 
0.006 

2483 
-1.6 
0.09 
0.02 

d) 

1984-85 

Intercept 
b 

R2 

P 

DOS 

Rainfall 

5209 

-22.0 

0.17 

0.0001 

1034 

0.63 

0.01 

0.126 

t  Date  of  seeding  =  days  after  1  January. 

%   Rainfall  =  mm,  1-90  days  after  seeding. 

§  1987  excluded  from  regression  of  E   on  rainfall  since 
rainfall  data  aggregated  over  whole  year. 
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Table  2 . 6   Correspondence  of  date  of  seeding  and  sectors 
where  S3 5  was  adopted,  1984-87  data. 


N 

Sector 

Mean  DOE 

(Days  after 

■  1  Jan.) 

10 

Bidzar 

168.2 

10 

Lara 

169.7 

7 

Ardaf 

169.3 

10 

Dziguilao 

169.8 

10 

Guidiguis 

170.3 

11 

Karhay  I 

170.4 

13 

Gobo 

170.4 

11 

Moutouroua 

171.9 

14 

Mokong 

172.0 

11 

Sorawel 

172.9 

10 

Dana 

173.4 

9 

Mayo  Oulo 

174.8 

14 

Zongoya 

176.9 

10 

Karhay  II 

177.1 

8 

Kourgui 

178.4 

** 

7 

Koza 

178.7 

** 

9 

Moulvoudaye 

179.1 

* 

12 

Hina 

179.7 

10 

Yoldeo 

180.0 

* 

10 

Meme 

181.8 

** 

10 

Mindif 

183.1 

* 

8 

Dogba 

183.1 

* 

13 

Bogo 

184.0 

* 

**   Sectors 

with  very  good 

S3 5  adoption 

*   Sectors 

with  good  S35  c 

idoption 
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1985,  S35  vs.  Locals 


Grain  Yield  (t/ha) 


S35:  b-0.98 
Locals:  b-1.02 
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Figure  2.16  Modified  Stability  Analysis,  S35  and  locals, 
58  sites,  1985. 
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Table  2 . 7   Correspondence  of  date  of  seeding  and  sectors 
where  S35  was  adopted,  1984-85  data. 


N 

Sector 

Mean  DOS 
(Days  after  1  Jan.) 

5 

Ardaf 

168.6 

6 

Lara 

170.6 

7 

Bidzar 

171.6 

7 

Karhay  I 

171.6 

6 

Dziguilao 

171.8 

10 

Mokong 

171.9 

9 

Gobo 

172.3 

7 

Dana 

173.7 

6 

Guidiguis 

174.0 

8 

Moutouroua 

175.1 

6 

Kourgui 

175.2 

** 

5 

Mayo  Oulo 

176.4 

6 

Koza 

176.5 

** 

7 

Sorawel 

177.3 

10 

Hina 

177.3 

7 

Meme 

180.4 

** 

10 

Zongoya 

180.7 

7 

Karhay  II 

180.7 

6 

Moulvoudaye 

181.2 

* 

8 

Mindif 

182.1 

* 

7 

Yoldeo 

182.3 

* 

9 

Bogo 

186.8 

* 

5 

Dogba 

191.4 

* 

**   Sectors  with  very  good  S3 5  adoption 
*  Sectors  with  good  S35  adoption 


Early  vs.  Late  Dates  of  Seeding, 
S35  and  Locals,  1984-87 


69 


30 
25 
20 
15 
10 
5 


Risk  Coefficient  (%) 


- 

+  - 

• 

r 

- 

j- 

/ 

I 

- 

i 

p 

I 

- 

t 

i 

I 

- 

/ 

• 

/ 

+'l 

I  •' 

/    ,   / 

400 


800  1200  1600 

Grain  Yield  (kg/ha) 


2000 


Loc.  late 


S35  late 


"l—  Loc.  early 


S35  early 


Figure  2.17  Lower  confidence  limits  for  S35  and  locals,  by 
early-  and  late-seeded  sites. 


Early  vs.  Late  Seeded  Sectors, 
S35  and  Locals,  1984-87 
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Figure  2.18   Lower  confidence  limits  for  S3 5  and  locals,  by 
early-  and  late-seeded  sectors. 


CHAPTER  III 

EFFECTS  OF  FERTILIZATION  AND  PLANTING  PATTERN 
ON  GRAIN  YIELD  AND  YIELD  STABILITY  OF  MIXED  STANDS 
OF  LONG  AND  SHORT  CYCLE  SORGHUM  VARIETIES 


Introduction 

The  use  of  mixed  stands,  either  of  cereal  species  or  of 

cultivars  of  a  single  species,  in  the  improvement  of  cereal 

crop  yields  has  been  the  subject  of  much  conjecture  and 

research.   It  is  hypothesized  that  improvements — increased 

productivity  (i.e.,  higher  yields)  and  increased  stability 

of  production  across  diverse  environments — would  result  from 

the  genetic  diversity  of  the  different  components  of  the 

mixed  stands.   From  a  theoretical  viewpoint,  yield 

advantages  might  be  induced  by  complementarity,    where  the 

component  varieties  or  species  exploit  environmental 

resources  in  different  ways,  or  by  compensation,   where 

growth  and  yield  formation  of  individual 
components  are  adversely  affected  by  factors 
other  than  competition,  with  the  unaffected 
components  being  able  to  benefit  from  the 
increased  availability  of  resources.  (Panse 
et  al. ,    1989,  p.  347) 

Research  on  advantages  of  mixed  stands  of  cereals,  while 
often  promising,  has  generally  been  less  conclusive  than 
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that  on  intercropping  of  cereals  with  legumes  or  with 
longer-cycle  root  or  tuber  crops. 

The  term  "multiple  cropping"  has  usually  been  reserved 
to  mean  growing  two  or  more  different  crop  species  in  the 
same  field  during  a  year,  and  "intercropping"  has  tended  to 
be  used  to  indicate  that  the  crops  are  grown  simultaneously, 
rather  than  successively,  as  is  the  case  in  "seguential 
cropping"  (Francis,  1986) . 

Intercrops  are  generally  thought  of  as  interspecific 
multiple  cropping.   While  there  is  no  real  reason  for  thus 
limiting  the  term,  rather  than  add  to  the  confusion  of  the 
already  overburdened  and  contradictory  terminology  found  in 
the  multiple  cropping  literature  (in  which,  for  example, 
"mixed  intercrop"  has  come  to  mean  an  intercrop  with  no 
distinct  row  arrangement) ,  the  present  work  will  simply 
posit  the  existence  of  a  number  of  forms  of  intraspecif ic 
"mixed  stands".   Whether  or  not  these  are  "intercrops",  each 
reader  may  decide. 

The  most  common  of  these  mixed  stands  are  various  types 
of  mixtures,  either  multiline  cultivars,  bulk  populations  of 
hybrids  or  varieties,  or  mechanical  mixtures  or  blends  of 
distinctly  different  cultivars.   In  addition  to  these  types 
of  mixtures,  intraspecif ic  mixed  stands  have  been  obtained 
by  alternating  rows  or  pairs  of  rows  of  different  cultivars; 
these  have  been  referred  to  simply  as  "mixed  stands"  (Prasad 
and  Sharma,  1980),  or  as  "mixed  row  cropping"  (Reddy  et  al . , 


73 
1991) .   For  the  purposes  of  this  work — and  in  order,  again, 
to  avoid  confusion  with  multiple  cropping  terms  already 
accepted  by  researchers — two  forms  of  intraspecif ic  mixed 
stands  will  be  distinguished:   l)  seed  mixtures,  and 
2)  mixed-row  stands. 

Stutzel  and  Vanderlip  (1988)  found  no  yield 
advantages,  as  measured  by  the  Land  Equivalency  Ratio  (LER) , 
from  intercropping  three  sorghum  hybrids  with  90-  to  110-day 
cycles  and  a  pearl  millet  hybrid  with  a  growth  cycle  similar 
to  that  of  the  early  sorghum.   Only  under  good  moisture 
conditions,  and  using  the  latest-maturing  sorghum,  was  there 
even  a  tendency  toward  yield  increases.   The  importance  of  a 
large  temporal  difference  in  the  component  species  or 
cultivars  recurs  elsewhere  in  the  literature.   Baker  (1979) 
determined  that  for  cereal  mixtures  in  northern  Nigeria, 
yield  advantages  occurred  only  when  components  had  growth 
cycle  differences  greater  than  43  days;  for  mixtures  of 
sorghum  varieties,  maturity  differences  of  more  than  51 
days,  plus  height  differences  of  0.6  m,  were  required  for 
yield  increases.   Similar  yield  advantages  in  northern 
Nigeria  from  intercropping  very  long-cycle  (180-day)  sorghum 
with  shorter-cycle  millet  were  shown  by  Norman  (1984) . 
Studies  in  India  by  Willey  and  Rao  (1983) ,  however,  could 
not  account  for  more  than  22%  of  the  variability  in  LERs 
from  sorghum/millet  intercrops  by  differences  in  height  or 
growth  cycle,  although  growth  cycle  appeared  to  have  more 
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influence  than  height.   Yield  advantages  from  maize/ sorghum 
intercropping  have  been  identified  in  central  America  by 
Hawkins  (1984) ,  and  in  northern  Cameroon,  where  it  is  a 
theme  actively  extended  by  the  local  cotton  and  rural 
development  agency. 

In  mixed  stands  of  wheat  (Triticum  aestivum   L.)  and 
barley  (Hordeum  vulgare   L.),  Prasad  et  al .     (1988)  showed 
that  1:1  and  2:1  wheat: barley  stands  produced  higher  grain 
yields  than  either  the  mean  of  the  component  yields  or  the 
yield  of  the  higher-yielding  component  (wheat).   A  1:1  seed 
mixture  of  the  two  components  yielded  less  than  the  1:1 
alternate-row  stand.   Noworolnik  et  al .  (1984),  however, 
found  little  yield  advantage  from  mixtures  of  oats  (Avena 
sativa   L.)  and  barley. 

An  appreciable  amount  of  research  has  been  done  on 
intraspecif ic  cultivar  mixtures.   In  the  case  of  legumes, 
Panse  et  al.    (1989)  identified  compensation-induced  yield 
stability  advantages  in  mixtures  of  common  bean  (Phaseolus 
vulgaris   L.).   Allard  (1961)  studied  the  relationship 
between  level  of  genetic  diversity  of  lima  beans  (Phaseolus 
lunatus   L.)  and  yield  stability  by  growing  three  pure-line 
varieties,  four  annually  reconstituted  mechanical  mixtures 
of  these  varieties,  and  three  populations  from  successive 
bulk  propagation,  from  F2  to  F7  or  F9,  of  hybrids  made  from 
the  three  pure-line  varieties,  in  four  distinctly  different 
locations  over  four  successive  years.   In  terms  of 
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productivity,  bulks  yielded  more  than  pure  lines,  which  were 
superior  to  mixtures.   Using  consistency  of  rank  order  and 
relative  magnitude  of  variances  as  criteria  for  stability, 
mixtures  and  bulks  were  more  stable  than  the  pure  lines,  but 
bulks  were  not  appreciably  more  stable  than  mixtures. 

In  a  study  of  stability  of  two  multiline  peanut 
(Arachis  hypogaea   L. )  varieties  compared  to  their  component 
lines,  Schilling  et  al.    (1983)  identified  component  pure 
lines  of  peanut  which  were  as  stable  across  environments  as 
the  multilines  derived  from  them.   Although  a  regression 
coefficient  of  unity  (in  regression  on  E)    was  one  of  the 
stability  parameters  used,  the  same  conclusion  would  be 
true,  in  this  particular  case,  using  a  regression 
coefficient  of  zero.   It  was  noted  in  this  study  that 
component  pure  lines  of  peanut  multilines  are  more 
genetically  similar  to  one  another  than  are  those  of  the 
multilines  of  other  crops. 

Knauft  and  Gorbet  (1991)  found  that  mixtures  of  five 
peanut  lines  experienced  genetic  shifts  over  time,  with  the 
highest-yielding  of  the  five  lines  increasing  in  proportion 
after  only  two  years.   Two  other  high-yielding  lines 
maintained  or  decreased  their  original  proportion,  while  the 
two  lowest-yielding  lines  also  decreased  in  proportion  over 

time. 

In  the  case  of  cereal  cultivar  mixtures,  Frey  and 
Maldonado  (1967)  tested  six  oat  cultivars  and  57  seed 
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mixtures  of  two,  three,  four,  or  five  cultivars,  at  both 
early  and  late  planting  dates,  over  three  years.   Averaged 
over  both  planting  dates,  nine  of  the  mixtures  yielded 
higher  than  the  best  cultivar,  but  the  advantage  never 
exceeded  2.5%.   Compared  to  the  mean  of  the  component 
yields,  the  advantage  of  mixtures  was  greater  in  highly 
stressed,  i.e.,  late-seeded  environments.   Production  of 
mixtures  was  also  more  stable  across  planting  dates  than  was 
production  of  cultivars. 

Funk  and  Anderson  (1963)  found  that  two-hybrid  mixtures 
of  double-cross  maize  (Zea  mays   L.)  hybrids  did  not  yield 
more  than  the  mean  of  the  component  hybrids.   Stability  of 
the  mixtures,  however,  was  greater  than  that  of  the 
components,  as  measured  by  magnitude  of  the  hybrid-by- 
location  interaction  mean  square  from  a  combined  analysis  of 
variance.   Stutzel  and  Auf hammer  (1990)  identified  yield 
increases  in  barley  cultivar  mixtures,  which  they  attributed 
to  compensatory  mixing  effects;  the  compensation  could  not 
be  attributed  to  reduced  disease  incidence. 

Several  studies  have  been  done  on  the  relation  of 
genetic  diversity  of  sorghum,  represented  by  cultivar 
mixtures,  and  improved  stability  and  productivity.   Ross 
(1964)  compared  five  single-cross  hybrids  with  the  ten 
possible  1:1  two-hybrid  blends.   In  five  years  at  one 
location,  blends  outyielded  the  mean  of  their  components  in 
only  one  (high-yield)  year.   None  of  the  blends  outyielded 
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its  component  mean  (its  "mid-component")  over  all  years,  and 
only  two  yielded  better  than  the  mid-component  within  a 
year,  in  both  cases  during  the  highest-yielding  year. 

When  eight  parental  lines  of  sorghum  and  16  F2  hybrids 
were  compared  to  16  two-component  blends  of  parental  lines 
and  16  two-component  hybrid  blends,  in  9  environments  over 
two  years,  average  yield  of  hybrid  blends  was  greater  than 
that  of  hybrids,  which  in  turn  outyielded  the  parental  lines 
and  blends  of  parental  lines  (Reich  and  Atkins,  1970) . 
There  was  little  difference  between  the  average  coefficients 
for  regression  on  environmental  index  of  these  four  groups; 
average  deviations  from  regression  for  blends  were  smaller 
than  the  average  deviations  of  components. 

Marshall  and  Allard  (1974)  determined  that  the 
intergenotypic  interactions  in  mixtures  of  sorghum  genotypes 
tended  to  be  additive  in  nature.   While  this  would 
theoretically  mean  that  expected  yields  of  mixtures  would 
increase  with  the  number  of  components,  the  higher-order 
components  of  the  intergenotypic  interaction  effects  were 
often  greater  than  lower-order  components,  and  opposite  in 
sign,  thus  having  a  canceling  effect  in  mixtures  with  three 
or  more  components.   This  conclusion  and  the  results  of 
their  study  of  two-,  four-,  five-,  six-,  twelve-,  20-,  50-, 
and  80-component  mixtures  of  randomly  chosen  inbred  lines 
supported  the  often-reported  conclusion  that  "with  respect 
to  yield,  ...mixtures  often,  but  by  no  means  invariably, 
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outperform  their  average  component.   However,  they  seldom 
outperform  their  better  or  best  component"  (p.  151) . 

Mercer-Quarshie  (1979)  compared  five  sorghum  cultivars 
to  two-,  three-,  four-,  and  five-component  mixtures  of  these 
cultivars  in  eleven  environments  in  northern  Ghana.   The 
results  were  difficult  to  relate  to  the  present  work,  since 
the  data  themselves  are  not  presented,  and  the  author 
followed  the  lead  of  Eberhart  and  Russell  (1966)  in  defining 
a  stable  variety  as  one  with  regression  coefficient  of 
unity.   This  choice  of  criteria  was  remarkable  in  that  this 
study  concludes  that  mixtures  were  more  "stable,"  i.e.,  had 
regression  coefficients  closer  to  unity  than  the  component 
cultivars,  and  that  this  stability  explained  why  farmers  in 
this  region  of  highly  variable  rainfall  choose  to  grow 
mixtures.   Interestingly,  average  mean  square  deviations 
from  regression  in  this  study  were,  in  general,  inversely 
related  to  complexity  of  the  cultivar  mixture. 

Much  less  research  has  been  reported  on  mixed-row 
stands  of  cereal  cultivars  than  on  cultivar  mixtures. 
Prasad  and  Sharma  (1980)  found  that  with  a  tall,  a  semi- 
dwarf,  and  a  dwarf  cultivar  of  spring  wheat,  both  a  row 
arrangement  resulting  in  a  "pyramidal"  canopy  (2:1:2:1:2 
rows  of  tall :medium: short :medium: tall)  and  one  resulting  in 
a  "columnar"  canopy  (2:2:2  rows  of  tall: short: medium) 
produced  higher  overall  straw  yields  than  the  "flat" 
canopies  of  pure  stands.   Grain  yields  of  the  columnar 
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mixed-row  stand  were  significantly  greater  than  those  of  the 
pure  stand  of  the  best  component  under  high  N  rates. 

Mixed-row  stands  of  either  of  two  semi-tall,  early- 
maturing  rice  (Oryza  sativa   L.)  varieties  plus  a  semi-dwarf, 
long-cycle  modern  variety  produced  grain  yield  increases  of 
19%  over  the  best  component  variety  under  intermediate 
deepwater  conditions  in  India  (Reddy  et  al.,    1991).,  Yields 
of  the  mixed-row  stands  were  also  more  stable  across  years. 
Increased  stability  and  productivity  were  attributed  in  part 
to  decreased  lodging  of  the  early  varieties.   Neither  row 
arrangements  of  2:1  or  1:2,  early: late,  nor  decreased  inter- 
row  spacing  were  any  more  productive  or  stable  than  a  1:1 
row  arrangement  with  0.20  m  between  rows. 

Mixtures  of  local  sorghum  varieties  are  common  in 
northern  Cameroon.   Unfortunately,  the  rationale  and 
strategy  behind  this  practice  have  not  been  the  objects  of 
much  study  and  are  consequently  poorly  understood.   A 
mixture  common  to  the  North  Province  is  mixing  long-cycle 
(150+-day)  varieties  such  as  yolobri  with  shorter-cycle 
varieties  such  as  djigari.   This  practice  is  less  common  in 
the  Extreme-North  Province;  at  an  earlier  time,  when  longer- 
cycle  varieties  were  more  widely  grown  in  this  province, 
such  mixtures  were  perhaps  more  often  encountered. 

After  two  years  of  extension  of  the  improved,  short- 
cycle  variety  S35,  it  was  discovered  through  field  visits 
and  farmer  interviews  that  a  number  of  farmers  were 
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incorporating  S3 5  into  their  traditional  sorghum-based 
cropping  systems  by  mixing  it  with  their  local  varieties. 
Two  types  of  mixtures  were  identified:   a  "catch-up"  mixture 
(association  de  ratrappage) ,  in  which  the  local  variety  was 
seeded  with  the  first  rains,  and  in  the  event  of  poor  stand 
establishment,  missing  hills  ("pockets")  were  later  seeded 
to  S3 5;  and  a  "hungry  period"  mixture  (association  de 
soudure) ,  in  which  seed  of  S35  and  the  usually  longer-cycle 
local  variety  or  varieties  were  mixed  and  planted  together. 

In  light  of  this  interest  in  mixing  S35  with  local 
varieties,  initiated  by  farmers  themselves,  a  series  of 
trials  was  initiated.   At  least  some  evidence  existed  that 
such  mixtures  might  be,  if  not  necessarily  more  productive, 
at  least  more  stable  across  highly  variable  environmental 
conditions.   The  objective  of  these  studies  was  to  verify 
possible  yield  advantages  from  mixed  stands  of  long-  and 
short-cycle  sorghum  varieties,  and  to  identify  the  most 
productive  and/or  most  stable  of  these  forms  of  multiple 
cropping  under  conditions  representative  of  those  facing 
limited-resource  farmers.   Since  stability  of  production 
under  farmer  conditions  was  perhaps  the  most  likely  benefit 
of  mixed  stands,  on-farm  tests  were  begun  concurrently  with 
more  complex  on-station  trials.   It  was  thought  that  this 
short-cutting  of  the  usual  process  of  preceding  on-farm 
tests  with  one  or  more  on-station  trials  posed  little 
potential  risk  to  farmers  since  variety  mixtures  were 
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already  known  to  and  practiced  by  farmers.  In  addition,  S3 5 
was  a  variety  already  being  extended  to  them. 

Although  mixed-row  stands  had  not  been  observed  in 
farmers'  fields,  the  relative  ease  of  some  cultural 
operations  (particularly  harvesting)  to  be  offered  by  this 
planting  arrangement,  as  opposed  to  seed  mixtures,  led  to 
the  inclusion  of  this  type  of  mixed  stand  in  the  on-station 
trial  reported  here.   The  possibility,  indicated  in  the 
literature,  that  the  relative  advantage  of  mixed  over  pure 
stands  might  manifest  itself  differently  under  high  and  low 
soil  fertility  conditions  led  to  the  inclusion  of  level  of 
applied  fertilizer  as  a  factor  in  this  same  trial. 

Materials  and  Methods 

On-Station  Trial 

A  field  experiment  was  conducted  at  three  sites  in  the 
Center  North  zone  of  northern  Cameroon  in  1989  and  1990. 
The  first  site  was  Mouda  research  station,  in  the  southern 
portion  of  the  Diamare  plain,  at  approximately  10°20'N, 
14°10E;  the  second  was  Guetale  research  station,  in  the 
southern  Koza  plain,  at  approximately  10°50'N,  13°55'E;  and 
the  third  was  Tchatibali  research  station,  in  the  southern 
Kalfou  plain,  at  approximately  10°10'N,  15°05'E.   The  soils 
at  Mouda  are  classified  in  the  French  system  as  shallow, 
sedimentary  soils  of  volcanic  origin;  texturally,  they  are 
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loams  or  sandy  loams.   The  soils  of  Guetale  are  alluvial 
soils,  slightly  weathered  (peu  evolue) ,  and  are  loams  or 
sandy  loams.   The  soils  of  Tchatibali  are  sands  or  loamy 
sands.   The  chemical  and  physical  soil  characteristics  of 
these  sites  are  presented  in  Table  3.1. 

At  each  location,  the  experiment  was  a  split  plot  with 
the  main  plots  arranged  in  a  randomized  complete  block 
design,  with  three  replications.   The  main  plot  factor  was 
fertilization,  at  two  levels:   no  fertilizer  (FO) ,  and  40-9- 
17  kg  ha'1  N-P-K  (Fl)  ,  applied  at  time  of  planting. 
The  subplot  factor  was  crop  combination  and  planting 
pattern,  with  nine  treatments  completely  randomized  within 
each  whole  plot.   The  three  varieties  of  sorghum  included  in 
the  experiment  were  damougari  (D) ,  an  85-  to  90-day,  red- 
seeded,  short  (2m),  local  type;  walaganari  (W) ,  a  120-day, 
tall  (3  to  3.5  m) ,  white-seeded,  local  type;  and  CS-54  (C) , 
an  85-day,  2.5  m,  white-seeded,  relatively  photoperiod 
insensitive,  improved  variety.   CS-54  was  chosen  as  the 
improved  variety  rather  than  S3 5,  since  the  two  are  very 
similar,  CS-54  differing  only  by  maturing  5  days  sooner  than 
S35.   The  variety  combinations  and  planting  patterns  of  the 
nine  subplot  treatments  are  presented  in  Table  3.2. 

Each  location  was  plowed  before  planting  and  seeded  by 
the  resident  research  station  chief  in  response  to  the 
arrival  of  reliable  rains.   Plot  size  was  10  x  4.8  m,  with 
six  rows  per  plot  and  0.80  m  between  rows.   The  two-variety, 
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Table  3.2.   Subplot  treatments  for  on-station  trial  of 
mixed  stands  of  sorghum  varieties. 


Pure  Crops 


Alternate-Row 
Mixed  Stands 


Seed  Mixtures 


Tl 

— 

Damougari  (D) 

T2 

- 

Walaganari  (W) 

T3 

- 

CS-54  (C) 

T4 

- 

D+W 

T5 

- 

C+W 

T6 

- 

D+C+W 

T7 

- 

D+W 

T8 

- 

C+W 

T9 

_ 

D+W+C 

85 
alternate-row  treatments,  T4  (D+W)  and  T5  (C+W) ,  had  three 
repetitions  of  the  alternating  two-row  pattern  per  plot;  the 
three-variety,  alternate-row  treatment  T6  (D+C+W) 
had  two  repetitions  of  its  three-row  pattern  per  plot.   The 
three  mixtures,  T7  (D+W),  T8  (C+W),  and  T9 (D+C+W)  consisted 
of  equal  quantities  (by  weight)  of  seed  of  each  of  the 
components,  mixed  before  seeding  into  a  single  blend. 
Seeding  was  done  by  hand,  with  6-10  seeds  per  hill  (or 
"pocket"),  and  0.40  m  between  pockets.   Reseeding  of  missing 
pockets,  i.e.,  pockets  with  emergence  of  no  plants,  was  done 
seven  days  after  initial  seeding.   Thinning  of  plots  to  two 
plants  per  pocket  was  done  15-20  days  after  initial  seeding; 
target  densities  were  therefore  62,500  plants  ha"1. 

Two  or  three  weedings  were  done,  depending  on  location, 
to  maintain  a  relatively  weed-free  condition.   Stand  counts 
were  done  45  days  after  seeding,  at  which  time  it  was  not 
possible  to  distinguish  between  varieties,  and  at  harvest. 
The  panicles  from  the  four  central  rows  of  each  plot  were 
harvested  according  to  maturity;  in  each  year  and  at  each 
location,  this  resulted  in  two  harvest  dates,  an  early  one 
for  damougari  and  CS-54,  and  a  late  one  for  walaganari. 
Dates  of  field  operations  are  presented  in  Table  3.3. 

Panicles  were  allowed  to  dry  for  two  weeks  or  more 
after  the  harvest  of  walaganari.   Research  experience  in  the 
Extreme-North  Province  has  shown  that  in  the  very  arid 
conditions  of  October  and  November,  grain  allowed  to  dry  in 
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this  manner  reaches  a  moisture  content  equilibrium  of 
approximately  10%.   After  dry-down,  panicle  weight  per  plot 
was  measured,  by  variety.   Panicles  were  then  threshed,  and 
grain  weight  was  measured,  again  by  variety. 

On-Farm  Tests 

Ten  on-farm  tests  of  seed  mixtures  of  S35  and  the  local 
variety  djigari  were  conducted  in  1989.   Collaborating 
farmers  were  selected  by  local  SODECOTON  extension  agents. 
There  were  two  tests  in  each  of  the  five  SODECOTON  regions 
that  make  up  the  Zone  Centre  Nord.      Inputs,  including  the 
seed  mixtures,  were  prepared  by  the  Testing  and  Liaison  Unit 
(TLU)  of  the  Institute  of  Agronomic  Research  (IRA)  well 
before  the  onset  of  rains,  as  was  a  detailed  test  protocol 
with  step-by-step  instructions  for  the  SODECOTON  agent. 
Inputs  were  distributed  and  protocols  explained  to  each 
collaborating  agent  in  early  to  mid  May. 

After  allowing  time  for  a  farmer  and  test  field  to  be 
identified,  the  TLU  visited  each  field  to  verify  conformity 
to  the  requirements  of  the  test  and  to  take  samples  of  the 
top  0.3  0  m  of  soil.   A  second  round  of  on-farm  visits  was 
done  a  week  later  in  order  to  confirm  each  agent's  field 
layout  and  the  conformity  of  randomization  of  treatments  to 
the  agent's  field  plan.   A  concerted  effort  was  made  by  the 
TLU  team  during  these  two  tours  to  verify  that  both  the 
collaborating  farmer  and  the  SODECOTON  agent  understood  not 
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just  the  mechanics  of  what  was  expected  for  the  test,  but 
also  the  objectives  and  rationale  of  the  test  theme.   This 
often  resulted  in  long  explanations  or  discussions  of  the 
concepts  of  stability,  competition,  complementarity,  and 
compensation . 

Each  test  field  measured  approximately  0.25  ha  (50.4  m 
x  50  m) .   The  test  was  conducted  in  a  randomized  complete 
block  design,  with  three  replications  in  each  of  the  10  on- 
farm  test  sites.   There  were  five  treatments,  i.e.,  two  pure 
stands — one  of  S35  and  one  of  djigari — and  three  seed 
mixtures  of  the  two  varieties.   The  seed  mixtures  were  2:1, 
2:2,  and  1:2  proportions  (by  weight)  of  the  varieties. 

Since  the  size  of  S35  seed  differed  from  that  of 
djigari  (1000-grain  weights  were  28.5  g  for  S35  and  24.6  g 
for  djigari) ,  the  various  proportions  were  not  the  same  by 
weight  and  by  number  of  seeds.   Given  that  any  final 
recommendation  of  seed  mixtures  would  for  practical  reasons 
be  based  on  weight  rather  than  number  of  seeds,  treatments 
based  on  weight  were  chosen.   It  was  thought  that  final 
results  and  conclusions  would  not  be  materially  affected. 

The  five  plots  in  each  replication  were  9.6m  wide  by 
16  m  long,  and  were  separated,  for  the  sake  of  ease  of 
reference,  by  a  single  row  of  peanut.   There  were  twelve 
rows  per  plot,  with  0.80  m  between  rows.   Each  farmer  was 
given  the  choice  of  plowing  his  field,  or  seeding  directly 
into  untilled  soil.   Almost  all  farmers  plowed  before 
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seeding.   Seeding  was  done  by  the  farmer  and  extension  agent 
after  the  first  good  rains.   Seeding  was  done  by  hand,  five 
or  six  seeds  per  hill  ("pocket"),  with  pockets  spaced  0.40  m 
apart.   Reseeding  of  empty  pockets,  using  (one  hopes)  the 
same  pure  or  mixed  seed  lot  originally  used  for  each  plot, 
was  begun  seven  days  after  seeding,  depending  on  rainfall 
and  soil  moisture  status.   Two  weedings  were  called  for  in 
the  test  protocol,  at  15  days  after  seeding  and  at  30  days 
after  seeding.   Plants  were  thinned  to  two  per  pocket.   Urea 
was  banded  in  each  row  3  0  days  after  seeding,  at  the  rate  of 
23  kg  N  ha"1.   Ridging  to  combat  lodging  was  done  at  the  same 
time.   The  TLU  team  made  on-farm  site  visits  approximately 
every  three  weeks  (more  freguently  early  in  the  season)  in 
order  to  verify  conformity  to  the  test  protocol,  to  answer 
farmer  and  extension  agent  questions,  and  to  collect  data 
and  farmer  feedback. 

Each  variety  was  harvested  according  to  its  maturity  by 
the  collaborating  farmer,  supervised  by  the  extension  agent. 
The  harvest  unit  was  the  central  four  rows  of  each  twelve- 
row  plot.   The  panicles  were  stored,  by  plot  and  by  variety, 
in  labelled  nylon  sacks  that  had  been  distributed  to  each 
site  well  before  the  projected  harvest  date  of  S35. 
Beginning  in  late  October,  the  TLU  began  a  final  tour  to 
collect  the  harvested  panicles.    Panicles  were  allowed  to 
dry  down  for  several  weeks  before  they  were  weighed  and 
threshed.   From  past  experience,  the  grain  thus  reached  a 
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moisture  content  equilibrium  of  approximately  10%.   Grain 
weights  were  taken  after  threshing. 

In  1990,  twenty  on-farm  tests  were  done  of  the  same 
five  pure  stands  and  mixtures  of  S3 5  and  djigari.   The  test 
design  was  greatly  simplified;  it  was  thought  that  the  three 
replications  per  test  site  in  1989  added  little  to  the 
precision  of  the  test  but  did  add  terribly  to  the  complexity 
of  the  test  from  the  point  of  view  of  farmers  and  extension 
agents.   The  experiment  in  1990  had  only  one  replication  of 
the  five  treatments  (i.e.,  one  block)  in  each  test  site. 
Each  test  field  in  1990  measured  50.4  m  by  25  m,  and  each  of 
the  five  twelve-row  plots  was  9.6  m  by  25  m.   Soil 
characteristics,  cropping  history,  and  dates  of  field 
operations  for  the  1989  and  1990  on-farm  test  fields  are 
presented  in  Tables  3.4  and  3.5.   The  test  protocol  in  1990 
was  the  same  as  in  1989,  except  that  the  panicles  of  each 
variety  in  each  of  the  four  central  rows  were  harvested, 
stored,  and  weighed  by  row.   This  was  done  in  an  attempt  to 
control  the  very  high  amount  of  variability  that 
characterized  the  1989  tests.   After  the  panicles  for  each 
of  the  four  central  rows  were  weighed  at  the  test  site,  the 
panicles  from  one  row,  selected  at  random,  was  taken  to  IRA. 
These  samples  were  dried  down  as  in  1989,  and  moisture 
content  and  threshing  percentages  were  calculated,  allowing 
estimation  of  panicle  and  grain  yields  on  a  per  plot  basis. 
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Results  and  Discussion 

Contrasts  and  Multiple  Comparisons.  On-Station  Trial 

In  general,  1989  was  a  better  year,  in  terms  of  overall 
rainfall,  than  1990.   This  may  not  be  immediately  apparent 
from  the  mean  rainfall  data  from  the  three  on-station  trial 
sites  (Table  3.6).   In  much  of  the  Center  North  Zone, 
however,  early  onset  of  rains  was  followed  by  long  periods 
of  drought  in  June,  late  August,  and  September. 

A  preliminary  analysis  of  variance  by  year,  combined 
over  locations,  allowed  examination  of  the  broad  patterns  of 
variability  of  grain  yield  (Table  3.7).   In  each  year,  the 
main  effects  of  location,  fertilization,  and  treatment 
(i.e.,  type  of  crop  stand)  were  highly  significant,  as  was 
the  interaction  of  location  and  treatment.   The  second-order 
interactions  of  location  and  fertilization,  and  of 
fertilization  and  treatment,  were  not  significant  in  either 
year.   The  third-order  interaction  of  location, 
fertilization,  and  treatment  was  not  significant  in  1989, 
but  was  in  1990.   Of  particular  interest  in  the 
interpretation  of  these  patterns  of  variability  are  the 
relatively  high  coefficients  of  variability  which 
characterized  the  trial  in  both  years. 

While  a  combined  analysis  of  variance  was  not  done 
across  years,  such  an  analysis,  given  the  high  C.V.s  in  this 
trial  would  probably  not  have  revealed  a  year-by-location 
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Table  3.6.  Mean  rainfall  by  decade  of  days1-  for  on-station 
sorghum  mixed  stand  trial. 


I 

Decade 

Rainfa 

.11  (mm) 

Month 

of 

davs 

c 

1989 

1990 

iuetale 

Mouda 

Tchatibali 

Guetale 

Mouda 

Tchatibali 

April 

1 

_ 

_. 

_ 

_ 

_ 

2 

11 

- 

- 

6 

10 

- 

3 

— 

— 

3 

2 

24 

33 

May 

1 

9 

118 

10 

20 

_. 

44 

2 

- 

- 

- 

36 

6 

61 

3 

6 

34 

29 

10 

40 

3 

June 

1 

35 

128 

34 

33 

60 

16 

2 

46 

32 

23 

44 

20 

2 

3 

96 

18 

39 

29 

203 

11 

July 

1 

3 

36 

120 

38 

77 

21 

2 

47 

57 

155 

127 

88 

98 

3 

88 

93 

119 

55 

57 

27 

August 

1 

136 

79 

59 

49 

51 

72 

2 

52 

86 

71 

114 

64 

61 

3 

44 

40 

76 

72 

63 

30 

Sept. 

1 

32 

62 

54 

78 

8 

96 

2 

13 

59 

13 

16 

35 

37 

3 

17 

4 

20 

1 

19 

45 

October 

1 

23 

18 

18 

36 

9 

_ 

2 

18 

- 

7 

- 

8 

- 

3 

- 

- 

— 

— 

21 

23 

Total 

1 

676 

864 

850 

766 

863 

680 

t  Decade 

=  days 

1-10 

Decade 

2 

=  days 

11-20 

Decade 

3 

=  days 

21-31 
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Table  3.7.  ANOVA  by  year  for  grain  yield;  on-station  trial 
of  sorghum  mixed  stands,  1989-90. 


DF 

1989 

1990 

Sourcet 

M.S. 

F  Value 

P  >  F 

M.S. 

F  Value 

P  >  F 

LOC 

2 

34439174 

58.8 

0.0001 

27768360 

21.8 

0.0018 

REP(LOC) 

6 

585386 

3.3 

0.0049 

1272445 

6.8 

0.0001 

FER 

1 

16274780 

77.7 

0.0001 

17092405 

31.2 

0.0014 

LOC*FER 

2 

583665 

2.8 

0.1393 

2173101 

4.0 

0.0800 

REP*FER(LOC) 

6 

209367 

1.2 

0.3149 

548590 

2.9 

0.0118 

TRT 

8 

825214 

4.7 

0.0001 

774047 

4.1 

0.0003 

FER*TRT 

8 

293634 

1.7 

0.1137 

209589 

1.1 

0.3616 

LOC*TRT 

16 

526865 

3.0 

0.0004 

1109273 

5.9 

0.0001 

LOC*FER*TRT 

16 

155726 

0.9 

0.5825 

340226 

1.8 

0.0410 

RESIDUAL 

96 

175015 

188353 

CV  =  20. 

2  % 

CV  =  21. 

3  % 

tsources  =  location  (LOC),  replication  (REP),  fertilizer  rate  (FER),  and 
cropping  treatment  (TRT) . 
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interaction,  as  indicated  by  the  location  means  shown,  by 
year,  in  Table  3.8a.   While  overall  grain  yields  were 
somewhat  lower  in  1990  than  in  1989  at  Guetale,  they  were 
considerably  lower  in  Tchatibali,  and  appreciably  higher  in 
Mouda.   Within  each  year,  however,  the  rank  of  locations  was 
the  same.   It  is  likely  that  no  year-by-fertilization 
interaction  was  present,  given  that  the  main  effect  of 
fertilization  was  essentially  the  same  in  each  year  (Table 
3.8b) . 

A  number  of  types  of  statistical  analyses  were 
attempted  in  order  to  evaluate  the  differences  among  the 
pure  stands,  mixed-row  stands,  and  seed  mixtures  in  this 
trial.   In  the  end  it  was  deemed  best  to  compare  the  yield 
of  each  mixed  stand,  either  as  mixed  rows  or  as  a  seed 
mixture,  to  the  mean  of  the  yields  of  its  components  and  to 
the  yield  of  its  higher  or  highest  yielding  component.   This 
procedure  was  followed  for  analysis  both  of  productivity  and 
of  stability  of  each  mixed  stand. 

The  comparison  of  mixed-row  stands  and  seed  mixtures  to 
the  mean  of  their  components  was  done  by  year  and  location 
as  a  series  of  six  single-degree-of -freedom  contrasts,  which 
are  presented  in  Table  3.9.   In  addition,  single-degree-of - 
freedom  contrasts  of  2 -component  mixtures  versus  2 -component 
mixed-row  stands  (contrast  7)  and  of  3 -component  mixtures 
versus  3-component  mixed-row  stands  (contrast  8)  were  also 
done.   The  interactions  of  these  contrasts  with  level  of 
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Table  3.8.  Main  effects+  of  (a) location  and  (b) fertilizer 
level*  on  grain  yield,  by  year;  on-station  trial  of  sorghum 
mixed  stands,  1989-90. 


al 


Location 

Guetale 

Tchatibali 

Mouda 


LSD 


0.05 


bl 


Fertilizer  level 

Fl 
F0 


LSD 


0.05 


1989 


1990 


Grain  Yield  Cka   ha1) 


2906  a 
1980  b 
1316  c 
360 


2843  a 
1786  b 
1475  b 
531 


1989 


1990 


Grain  Yield  fka  haM 


2384  a 
1751  b 
176 


2360  a 
1710  b 
285 


t  Means  within  a  column  followed  by  the  same  letter  are  not 
significantly  different  (a  =  0.05)  by  Fisher's  protected 
LSD  test. 

$    Fl  =  40-9-17  kg  ha'1  N-P-K; 
F0  =  no  applied  fertilizer. 
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Table  3.9.  Significance  of  sources  of  variation,  contrasts, 
and  interactions,  for  grain  yield,  by  year  and  location;  on- 
station  trial  of  sorghum  mixed  stands,  1989-90. 


1989 

1990 

Source 

Guetale 

Mouda 

Tchat. 

Guetale 

Mouda 

Tchat. 

Fertilization 

* 

* 

* 

T 

NS 

* 

Treatment 

** 

NS 

** 

** 

** 

** 

F  X  T 

NS 

NS 

NS 

* 

** 

** 

CV 

14% 

33% 

21% 

16% 

20% 

29% 

Contrast  * 

(1) 

dwp 

vs. 

dwa 

NS 

NS 

NS 

NS 

NS 

NS 

(2) 

dwp 

vs. 

dwm 

NS 

NS 

NS 

NS 

NS 

NS 

(3) 

cwp 

vs. 

cwa 

tB 

NS 

NS 

NS 

NS 

NS 

(4) 

cwp 

vs. 

cwm 

**A 

tA 

NS 

*A 

NS 

tB 

(5) 

dcwp 

vs. 

dcwa 

NS 

NS 

tB 

NS 

NS 

NS 

(6) 

dcwp 

vs. 

dcwm 

**B 

NS 

**B 

NS 

NS 

NS 

(7) 

2a 

vs. 

2m 

**A 

**A 

NS 

NS 

NS 

tB 

(8) 

3a 

vs. 

3m 

NS 

NS 

NS 

NS 

NS 

NS 

Con1 

:rast 

(4) 

X  Fer 
FO 

Fl 

NS 

NS 

NS 

t 

NS 
**A 

NS 

NS 

Conl 

irast 

(5) 

X  Fer 
FO 

Fl 

NS 

* 

NS 

**A 

NS 

NS 

* 
tB 
NS 

NS 

Coni 

:rast 

(8) 

X  Fer 
FO 

Fl 

t 

NS 
*B 

t 
NS 
NS 

[A) 
(B) 

NS 

NS 

NS 

t 
tA 
NS 

Other  Contrasts  X  Fer 


NS 


NS 


NS 


NS 


NS 


NS 


t   A  and  B  denote  larger  component  (t  =  P<0.10;  *  =  P<0.05;  **  =  P<0.01) 


=  Average  of  D  pure  and  W  pure  vs 


(1) 

(2)  =  Average  of  D  pure  and  W  pure  vs 

(3)  =  Average  of  C  pure  and  W  pure  vs 

(4)  =  Average  of  C  pure  and  W  pure  vs 

(5)  =  Average  of  D,  C,  and  W  pure  vs. 

(6)  =  Average  of  D,  C,  and  W  pure  vs. 

(7)  =  2-variety  alternate  row  treatments  vs 

(8)  =  3-variety  alternate  row  treatments  vs 


D+W  in  alternate  rows 
D+W  in  mixture 
C+W  in  alternate  rows 
C+W  in  mixture 
D+C+W  in  alternate  rows 
D+C+W  in  mixture 

2-variety  mixtures 
3-variety  mixtures 
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fertilization  was  analyzed,  and  in  the  three  cases  where 
this  interaction  was  significant  (contrasts  4,  5,  and  8), 
the  contrast  was  presented  by  level  of  fertilization.   The 
abbreviated  synopsis  of  the  six  analyses  of  variance  for 
this  trial  done  by  year  and  by  location,  presented  at  the 
top  of  Table  3.9  was  intended  to  help  interpretation  of  the 
patterns  of  variability  among  these  contrasts  and  among  the 
comparisons  in  tables  presented  later.   This  synopsis  may 
also  be  helpful  in  understanding  the  reasons  for  the 
patterns  of  variability  shown  in  the  analysis  of  variance, 
by  year  combined  over  locations,  presented  in  Table  3.7. 
The  comparisons  of  mixtures  and  mixed-row  stands  to 
their  highest-yielding  component  are  presented,  by  location, 
in  Tables  3.10  to  3.12.   Means  are  presented  averaged  over 
fertilization  levels  for  each  location  in  1989,  since  the 
fertilization-by-treatment  interaction  was  not  significant 
in  any  of  the  three  locations  for  that  year  (Table  3.9). 
Means  are  presented  by  fertilization  level  for  1990,  for 
which  year  the  fertilization-by-treatment  interaction  was 
significant.   For  the  sake  of  clarity,  only  the  statistical 
significance  of  these  particular  comparisons  are  shown;  the 
reader  interested  in  comparisons  among  mixtures  and  mixed- 
row  stands  may  refer  to  the  LSDs  provided.   The  means  from 
these  three  tables  may  also  serve  to  help  calculate  the 
actual  values  (mid-component  means)  corresponding  to  the 
contrasts  presented  in  Table  3.9. 
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Table  3.10.  Means  of  intercrop  treatments  compared*  to 
highest-yielding  pure  crop  component,  by  year;  on-station 
trial  of  sorghum  mixed  stands,  Guetale.* 


1989 


3110 
3012 


2386 


3100 
3343 


3028 
2044* 


3165 


2967 


LSD 


0.05 


=  474 


LSD, 


o.io 


=  394 


1990 


F0 


2053 
2481       3028 
2464       2580* 

2959 

3096 
1867  3396 


Fl 


2092 
2726f      3167* 
2990       2291* 

3053* 

3168* 
3425  4342 


LSD 


0.05 


=  768 


LSD 


o.io 


=  636 


$  The  difference  between   intercrop  means   followed  by  *    (a  - 
0.05)    or   t    (<*  =   0.10)    and  their  highest-yielding  pure  crop 
component   is  not   smaller  than  the  corresponding  LSD  value. 

5  Means   are  presented  as   follows: 

Walaganari   Pure 
D+W  alt.    row  C+W  alt.    row 

D+W  mixed  C+W  mixed 

D+C+W  alt.    row 
D+C+W  mixed 
Damougari   Pure  CS-54   Pure 
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Table  3.11.  Means  of  intercrop  treatments  compared*  to 
highest-yielding  pure  crop  component,  by  year;  on-station 
trial  of  sorghum  mixed  stands,  Mouda.1 


1989 


1317 
1237 


1519 


1141 
1245 


1765 
1088t 


1048 


1484 


LSDoq,  =  516    LSDoin  =  423 


1990 


F0 


Fl 


714 
1201       1001* 
970*      1360 
1692 
1402 
1409  1414 


1400 
1701       1851 
1488*      1580* 

1751f 

1544* 
1943  2132 


LSD 


0.05 


=    408 


LSDnm    =    3  38 


t-   The  difference  between   intercrop  means   followed  by   *    (a  = 
0.05)    or   t    (a  =   0.10)    and  their  highest-yielding  pure  crop 
component   is  not  smaller  than  the   corresponding  LSD  value. 


5  Means  are  presented  as   follows: 


Walaganari   Pure 
D+W  alt.    row  C+W  alt.    row 

D+W  mixed  C+W  mixed 

D+C+W  alt.    row 
D+C+W  mixed 
Damougari   Pure  CS-54   Pure 
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Table  3.12.  Means  of  intercrop  treatments  compared*  to 
highest-yielding  pure  crop  component,  by  year;  on-station 
trial  of  sorghum  mixed  stands,  Tchatibali.1 


1989 


1537 


1866f 
1922 


2230 


2292 
2317 


2226 
1725* 


1706 


LSD 


0.05 


=  485 


LSD 


o.io 


=  404 


1990 


F0 


Fl 


1676 
1154        947| 
1341       1649 
1653 
910| 
737  1012 


2880 
2334       2510 
2279       3185 

2138f 

2477 
1092  2169 


LSD005   =    853 


LSD 


o.io 


=    707 


$  The  difference  between   intercrop  means   followed  by   *    (a  = 
0.05)    or   f    (a  =   0.10)    and  their  highest-yielding  pure  crop 
component   is  not   smaller  than  the   corresponding  LSD  value. 


5  Means   are  presented  as   follows: 


Walaganari  Pure 
D+W  alt.    row  C+W  alt.    row 

D+W  mixed  C+W  mixed 

D+C+W  alt.    row 
D+C+W  mixed 
Damougari   Pure  CS-54    Pure 
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Tables  3.10  to  3.12  are  based  on  LSDs  calculated  from 
standard  two-tailed  t  tables,  to  allow  for  comparisons  among 
all  intercrop  means.   A  more  statistically  correct  method, 
if  only  the  comparison  of  several  mixed  stands  to  a  highest- 
yielding  component  were  of  interest  (i.e.,  comparisons  with 
a  control),  would  be  Dunnett's  procedure,  which  is  based  on 
different  t  values.   The  LSD  procedure  produces  somewhat 
more  liberal  results  (that  is,  more  "significant 
differences")  than  Dunnett's  procedure. 

From  Table  3.9,  neither  the  mixture  of  damougari  and 
walaganari  ('dwm')  nor  the  mixed-row  stand  of  these  two 
varieties  ('dwa')  was  significantly  different  than  the  mean 
of  the  two  components  in  pure  stand  ( ' dwp ' )  in  any  of  the 
six  trial  environments.   From  Tables  3.10  to  3.12,  only  in 
1989  at  Tchatibali  did  'dwa'  differ  significantly  (lower) 
from  the  higher-yielding  of  its  components  (walaganari) ,  and 
only  at  the  low  rate  of  fertilization  at  Mouda  in  1990  did 
'dwm'  differ  significantly  (again,  lower)  from  the  higher 
yielding  component  (damougari) . 

Similarly,  the  alternate-row  mixed  stand  of  CS-54  and 
walaganari  ('cwa')  was  higher  yielding  (p<0.10)  than  the 
mean  of  each  component  in  pure  stand  ('cwp')  at  Guetale  in 
1989,  but  in  none  of  the  other  five  location/years.   The 
mixture  of  CS-54  and  walaganari  ('cwm')  was  higher  yielding 
(p<0.10)  than  'cwp'  at  Tchatibali  in  1990,  and  lower 
yielding  (p<0.05  in  each  case)  at  Guetale  1989,  Mouda  1989, 
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and  the  high  fertilization  level  of  Guetale  1990.   The 
mixture  of  these  two  varieties  was  lower  yielding  than  its 
higher-yielding  component  at  all  three  locations  in  1989,  at 
the  high  fertilization  level  at  Guetale  and  Mouda  in  1990, 
and  at  the  low  fertilization  level  at  Guetale  in  1990.   The 
alternate-row  mixed  stand,  on  the  other  hand,  yielded  less 
than  the  mid-component  only  in  1990,  at  the  low 
fertilization  level  at  Mouda  and  Tchatibali,  and  at  the  high 
fertilization  level  at  Guetale. 

The  two  previous  paragraphs  begin  to  illustrate  the 
difficulties  in  interpreting  the  data  from  this  trial. 
Case-by-case  description  of  the  "environments" — either 
location/years,  or  fertilization  level/ location/years — in 
which  the  mixed  stands  under  study  yielded  as  well  as  or 
better  than  their  mid-component  yields  or  highest-yielding 
component  yields  was  possible  but  not  particularly 
illuminating.   The  benefit  of  mixed  cultivar  stands  relative 
to  pure  stands,  as  well  as  the  relative  overall  benefit  of 
seed  mixtures  versus  mixed-row  stands  (contrasts  7  and  8 
from  Table  3.9),  varied  from  one  "environment"  to  the  next. 

There  were  three  possible  methods  of  trying  to  explain 
or  account  for  the  variability  in  the  relative  merits  of 
mixed  stands,  given  the  variability  in  this  trial  from 
years,  locations,  and  fertilization  levels,  as  well  as  the 
large  amount  of  unexplained  variability  ("experimental 
error")  implied  from  the  high  CVs.   The  first  was  to  try  to 
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relate  the  differences  in  the  relative  benefits  from  mixed 
stands  from  environment  to  environment  by  relating  these 
differences  to  the  differences  in  the  highest-yielding  pure 
crop.   Walaganari  had  the  highest-yielding  pure  stand  in  all 
of  the  "environments"  at  Tchatibali  (Table  3.12)  and  at 
Mouda  in  1989  (Table  3.11).   CS-54  was  the  highest-yielding 
variety  at  both  fertilization  levels  at  Guetale  and  Mouda  in 
1990,  although  the  difference  between  pure  stands  of  CS-54 
and  pure  stands  of  damougari  were  not  significantly 
different  at  Mouda  (Tables  3.10  and  3.11).   Damougari  had 
the  highest-yielding  pure  stand  only  at  Guetale  in  1989,  but 
its  yield  was  not  significantly  different  than  that  of  CS-54 
(Table  3.10).   Although  these  differences  were  straight- 
forward enough,  and  perhaps  explainable,  in  terms  of  the 
measurable  environmental  variables  presented  in  Tables  3.1 
to  3.3,  they  proved  of  limited  value  in  accounting  for  the 
differences  between  mixed  and  pure  stands. 

The  second  possible  method  of  trying  to  account  for  the 
variability  among  the  cultivar  stands  in  this  trial  was  to 
relate  that  variability  directly  to  the  environmental  and 
site  variables  of  Tables  3.1  to  3.3.   This  method  proved 
even  more  difficult  than  the  first.   The  problem,  it  was 
clear,  was  due  to  both  the  nature  and  the  degree  of 
complexity  of  the  sources  of  variability  in  this  trial.   If, 
for  the  purpose  of  comparing  the  pure-  and  mixed-stand 
treatments,  each  fertilization  level  within  a  location 
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within  a  year  was  thought  of  as  a  separate  "environment," 
there  were  twelve  of  these  environments  to  consider.   The 
degree  of  variability  among  environments  was  thus  more  like 
that  among  on-farm  trials  or  among  multiyear,  multilocation 
varietal  trials.   In  neither  of  these  types  of  trials  are 
the  reasons  for  treatment  differences  commonly  related  to 
specific  identifiable  environmental  characteristics,  and 
when  they  are,  the  simple  nature  of  varietal  differences  or 
differences  in  most  on-farm  test  treatments  facilitates  the 
task.   In  the  present  trial,  differences  between  the  nine 
treatments  (types  of  sorghum  stands) ,  were  characterized  by 
a  complex  set  of  intergenotypic  interactions  (Marshall  and 
Allard,  1974) ,  which  were  themselves  in  interaction  with  the 
many  environmental  sources  of  variability. 

The  third  possible  method  of  getting  an  accurate 
picture  of  how  and  why  the  yields  of  these  pure  and  mixed 
stands  varied  across  environments  was  to  use  Modified 
Stability  Analysis  (MSA) .   This  option  promised  a  relatively 
simple  method  of  making  sense  of  the  variability  among  trial 
"environments."  The  use  of  this  on-farm  test  technique 
seemed  plausible  because  both  the  "explainable"  variability 
attributable  to  individual  years,  locations,  and  fertility 
levels,  and  the  "unexplained"  variability  (i.e.,  high  CVs) 
approached  the  sorts  of  variability  normally  associated  with 
on-farm  agronomic  research. 
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Regression  on  Environmental  Index.  On-Station  Trial 

Trial  data  rearranged  by  3  6  environments  (two 
fertilization  levels  within  three  replications  within  three 
locations  within  two  years)  produced  the  linear  regressions 
of  pure  and  mixed  stands  on  E   illustrated  in  Figures  3.1  to 
3.4.   These  figures  were  all  based  upon  the  same  values  of 
E,    calculated  as  the  mean  of  the  9  pure  and  mixed  stand 
treatments.   Each  figure,  however,  for  the  sake  of  clarity, 
presents  comparisons  of  only  a  few  of  those  treatments. 

From  Figure  3.1,  for  example,  CS-54  in  pure  stand  was 
slightly  less  stable  (defined  as  b  =  0)  across  the  36 
environments  than  damougari  in  pure  stand,  but  was 
considerably  higher-yielding.   Walaganari  was  considerably 
more  stable  than  either  of  the  two  short-cycle  varieties;  it 
was  the  highest  yielding  of  the  three  varieties  in  very  low- 
yielding  environments,  but  the  lowest  yielding  of  the  three 
in  high-yielding  environments.   In  low-yielding 
environments,  yields  of  both  mixtures  of  damougari  and 
walaganari  and  mixed-row  stands  of  these  two  varieties  were 
slightly  less  or  the  same  as  the  mean  of  the  component  pure 
stand  yields  (Figure  3.2).   At  £>1500  or  so,  however, 
predicted  yields  of  the  mixed  stands  were  greater  than  the 
mean  of  the  components.   The  mixed  stands  yielded  less  than 
their  higher-yielding  component  (walaganari)  in  low-yielding 
environments,  and  more  than  their  higher-yielding  component 
(damougari)  in  high-yielding  environments.   The  mixed 
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Figure  3.1  Modified  stability  analysis  regression  of  pure 
stand  yields  of  CS-54  (C) ,  walaganari  (W) ,  and 
damougari  (D) . 
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MSA,  Damougari  &  Walaganari  Mixed  Stands 
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Figure  3 . 2 


Modified  stability  analysis  regression  of  mixed 
and  pure  stand  yields  of  damougari  (D)  and 
walaganari  (W) . 
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Figure  3.3   Modified  stability  analysis  regression  of  mixed 
and  pure  stand  yields  of  CS-54  (C)  and 
walaganari  (W) . 
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MSA,  Three-Variety  Mixed  Stands 


Grain  Yield  (t/ha) 


D*W*C  Rows  :  b  ■  0.94 
D+W+C  Mixed  :  b  •  1.21 
D*W*C  Pure  :  b  -  0.98 


0  0     00OO«>0G0<»   00 


0  000    0 


W  Pure 
— —    C  Pure 
-a-    D*W*C  Row* 
-*-    D*W»C  Mixed 
-©-    D*W*C  Pure 
0      E 


500  1000  1500  2000  2500  3000  3500  4000 

Environmental  Index  (E) 


Figure  3.4  Modified  stability  analysis  regression  of  3- 
variety  mixed  stand  yields  and  pure  stand 
yields  of  CS-54  (C) ,  walaganari  (W) ,  and 
damougari  (D) . 
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stands  were  thus  about  as  stable  across  environments  as 
damougari,  much  less  stable  than  walaganari,  and  also  less 
stable  than  the  average  of  the  two  components.   There  was 
essentially  no  difference  between  the  seed  mixture  and  the 
mixed-row  stand  across  the  entire  range  of  environments. 

In  the  case  of  CS-54  and  walaganari  (Figure  3.3),  there 
was  little  or  no  difference  at  low  environments  among  the 
two  types  of  mixed  stands  and  the  mean  of  their  components. 
As  E   increased,  however,  the  alternate-row  mixed  stand 
yielded  progressively  better  than  the  component  mean,  and 
the  seed  mixture  yielded  progressively  less  than  the 
component  mean.   At  very  high-yielding  environments,  the 
mixed-row  stand  did  not  guite  yield  as  much  as  the  pure 
stand  of  CS-54,  but  the  seed  mixture  yielded  almost  as 
little  as  the  pure  stand  of  walaganari.   The  stability  of 
mixed  rows  was  greater  than  that  of  the  component  mean,  but 
less  than  that  of  CS-54.   The  stability  of  the  mixture,  on 
the  other  hand,  was  less  than  that  of  the  average  of  the 
components,  but  somewhat  greater  than  that  of  walaganari. 

Grain  yield  of  the  alternate-row  mixed  stand  of  all 
three  varieties  was  more  stable  across  environments  than 
yield  of  the  three-variety  mixture,  and  was  slightly  more 
stable  than  the  component  mean  (Figure  3.4).   Whereas 
predicted  yield  of  the  mixed-row  stand  was  about  the  same  as 
that  of  the  highest  yielding  component  (walaganari)  in  low- 
yielding  environments,  it  was  less  than  the  yield  of  the 
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highest-yielding  component  (CS-54)  in  good  environments. 
Conversely,  yield  of  the  three-variety  mixture  was  less 
stable  than  that  of  the  component  mean  and  than  any  of  the 
component  pure  stands;  its  yields  and  stability  across 
environments  were  the  same  as  those  of  CS-54. 

Classification  of  Environments.  On-Station  Trial 

In  order  to  understand  the  reasons  for  differences  in 
stability  of  these  mixed  stands,  relative  to  the  pure  stands 
of  their  components,  it  was  necessary  first  to  characterize 
the  environments  (the  36  rep/fertilization/location/year 
combinations) .   By  simple  ranking  of  the  environmental 
indices  (Es) ,  it  was  evident  that  all  of  the  "environments" 
in  the  higher-yielding  half  were  either  at  Guetale  or  at  the 
high  level  of  fertilization  (Fl)  at  Tchatibali  (Table  3.13). 
The  lower  half  of  the  continuum  of  environmental  indices 
comprised  all  of  the  "environments"  at  Mouda  and  at  the  low 
level  of  fertilization  at  Tchatibali.   The  idea  of  a 
"fertility  continuum"  that  more  or  less  corresponded  to  the 
continuum  of  Es   was  supported  by  the  low  (FO)  fertilization 
levels  at  both  Guetale  and  Mouda  having  generally  lower  E 
values  than  the  high  fertility  levels  at  the  same  locations, 
and  by  what  is  known  of  the  soils  and  levels  of  fertility  at 
each  trial  site.   The  soils  at  Mouda  are  generally 
considered  to  be  problem  soils.   In  addition  to  the  low, 
sometimes  quite  limiting  levels  of  soil  P  (Table  3.1),  they 
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Table  3.13.  Environments  (36  reps)  in  on-station  trial  of 
sorghum  mixed  stands,  sorted  into  low  (£<2000)  and  high 
(£>2000)  recommendation  domains. 


Year 

Location 

Fert. 
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Mouda 
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Fl 
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are  very  shallow,  with  rocky,  impenetrable  lower  horizons 
that  often  tend  to  limit  rooting  depth.   The  sandy  soils  at 
Tchatibali  tend  to  be  exceptionally  droughty,  a  condition 
aggravated  by  the  relatively  low  native  fertility  levels, 
indicated  perhaps  by  comparatively  low  effective  cation 
exchange  capacity  (ECEC)  and  organic  matter  content  (Table 
3.1).   By  contrast,  the  soils  of  the  southern  Koza  plain 
(Guetale)  are  deep,  well  drained  (but  not  excessively  so) , 
with  good  water  holding  capacity  and  excellent  tilth. 

Differences  in  rainfall,  while  not  unimportant,  and 
obviously  in  interaction  with  differences  in  soil  between 
locations  and  perhaps  even  between  reps  within  locations 
(Table  3.6),  did  not  seem  to  account  consistently  for 
differences  in  environmental  indices  (Tables  3.4  and  3.13). 

Grain  Yield  Component  Analysis.  On-Station  Trial 

Once  a  gradient  in  levels  of  soil  fertility,  either 
native  or  applied,  was  accepted  as  the  overriding 
determinant  of  E,    differences  in  grain  yield  among  the  three 
components  were  analyzed,  by  "low  fertility"  and  "high 
fertility"  domains.   These  corresponded  to  the  upper  18  and 
the  lower  18  fertilization/rep/ location/year  "environments" 
ranked  in  Table  3.13. 

While  pure  stands  of  damougari  yielded  less  than  those 
of  both  CS-54  and  walaganari  in  poor  environments,  defined 
here  as  low  fertility  ones,  they  yielded  as  well  as 
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walaganari  in  good  environments  (Figures  3.5  and  3.6).  This 
indicated  that  walaganari  was  better  suited  to  low  fertility 
environments,  relative  to  the  other  two  varieties.  In  other 
words,  CS-54  and  damougari  were  better  able  to  exploit  the 
high  fertility  levels  of  the  good  environments  than  was 
walaganari,  as  illustrated  also  in  Figure  3.1. 

Mixed  stands  of  damougari  and  walaganari  were  less 
stable  than  the  mean  of  their  components,  producing  about 
the  same  as  the  mid-component  in  poor  environments  and  more 
than  the  mid-component  in  good  environments.   This  could 
perhaps  be  explained  by  differences  in  competitive  ability 
across  the  two  fertility  domains.   Walaganari  was  more 
competitive  ("aggressive")  than  damougari  in  mixed  stands  in 
the  poor  environments,  reflected  as  a  deviation  from  the 
"expected"  50:50  yield  proportions.   This  aggressiveness 
was  greater  in  the  seed  mixture  than  in  the  alternate-row 
mixed  stand  (Figure  3.5).   The  competitive  advantage  of 
walaganari  over  damougari,  while  present,  was  less  marked  in 
the  better  environments  and  was  about  the  same  in  the  seed 
mixture  as  in  the  mixed-row  stand  (Figure  3.6). 

In  the  terminology  of  Panse  et  al .    (1989) ,  at  high 
fertility  levels  there  was  a  competitive  complementarity 
effect   between  the  two  varieties,  perhaps  because  they  were 
more  or  less  equally  suited  to  these  environments  (Figure 
3.6).   Conversely,  a  lack  of  complementarity  in  poor 
environments,  to  which  the  two  varieties  were  not  equally 
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Component  grain  yields  of  damougari  (D) ,  CS-54 
(C) ,  and  walaganari  (W) ,  low  fertility  domain, 
as  pure  stands  (P) ,  mixtures  (M) ,  or  alternate- 
row  stands  (A) . 
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Component  grain  yields  of  damougari  (D) ,  CS-54 
(C) ,  and  walaganari  (W) ,  high  fertility  domain, 
as  pure  stands  (P) ,  mixtures  (M) ,  or  alternate- 
row  stands  (A) . 
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suited  (Figure  3.5),  resulted  in  no  noticeable  advantage 
from  mixed  stands  over  either  the  higher-yielding  component 
or  the  mid-component  (Figure  3.2). 

It  should  be  noted  that  the  increased  competitive 
advantage  of  walaganari  over  damougari  in  poor  environments 
did  not  appear,  from  Figure  3.5,  to  result  in  a  compensation 
effect.      Perhaps  it  was  such  an  effect  in  very  poor 
environments  that  allowed  the  mixed  stands  to  yield  better 
than  the  less  suited  component,  and  as  well  as  the  component 
mean  (Figure  3.1).   This  effect  was  not  so  great,  however, 
that  the  mixed  stands  yielded  as  well  as  the  higher-yielding 
component.   The  interplay  of  complementarity  and 
compensation  effects  across  fertility  domains,  then, 
resulted  in  mixed  stands  of  these  two  varieties,  differently 
suited  to  such  domains,  being  less  stable  across  fertility 
levels  than  either  the  component  mean  or  the  more  stable  of 
the  components,  but  more  stable  than  the  less  stable 
component . 

In  contrast,  CS-54  and  walaganari  appeared  to  be  about 
equally  suited  to  low  fertility  levels  (Figure  3.5),  but  the 
improved  variety  was  comparatively  better  suited  to  high 
fertility  (Figure  3.6).   Walaganari  was  more  aggressive  than 
CS-54  in  both  good  and  poor  environments,  perhaps  due  to  its 
greater  height,  but  this  difference  in  aggressiveness  was 
less  marked  than  that  between  walaganari  and  damougari.   On 
the  other  hand,  while  relative  aggressiveness  of  walaganari 
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over  CS-54  appeared  only  slightly  greater  in  the  mixture 
than  in  the  mixed-row  stand  in  poor  environments,  it  was 
appreciably  greater  in  good  environments. 

For  these  two  varieties,  equally  suited  to  poor 
fertility,  there  was  little  opportunity  for  a  beneficial 
compensation  effect   in  these  environments  (Figures  3.2  and 
3.5).   Further,  the  difference  in  their  differential 
adaptability  to  high  fertility  environments  may  have  allowed 
for  a  complementarity  effect   only  when  the  planting 
arrangement  did  not  entail  intense  competition  for  light,  as 
in  the  mixed-row  stand;  this  effect  may  have  been 
overwhelmed  in  the  case  of  the  mixture  by  the  negative 
effect  on  CS-54  of  increased  competition  for  light.   It  is 
conceivable  that  damougari,  although  short  in  stature,  is 
more  tolerant  of  low  light  conditions  than  CS-54,  perhaps 
because,  as  a  local  type,  it  was  selected  by  farmers  from 
landraces  traditionally  grown  in  mixed  stands  of  genotypes. 
In  any  event,  competition  for  light  was  probably  less 
important  in  low-fertility  environments,  to  which  the  two 
varieties  were  equally  adapted,  and  only  became  critical  as 
crop  growth  of  both  varieties  increased  with  increased 
fertility.   The  complimentarity  effect  of  mixed  stands,  in 
terms  of  soil  fertility,  was  allowed  to  manifest  itself  in 
good  environments  only  in  the  mixed-row  stand.   In  mixed-row 
stands,  the  increased  shading  capacity  of  walaganari, 
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resulting  from  better  vegetative  growth,  was  less  than  in 
the  seed  mixtures. 

Again,  the  relative  stability  of  mixed  stands  across 
high  and  low  fertility  levels  can  be  explained  in  part,  if 
not  fully  understood,  by  changes  in  the  complementarity  and 
compensation  mixture  effects  of  varieties  whose  relative 
adaptability  and  competitiveness  change  in  response  to 
fertility.   Or  in  other  words,  in  "good"  (high  fertility) 
environments  beneficial  intergenotypic  competition  effects 
were  exibited;  in  "poor"  (low  fertility)  ones, 
intergenotypic  competition  effects  were  essentially  the  same 
as  intragenotypic.   The  explanation  becomes  less  clear, 
however,  as  other  growth  factors,  both  in  interaction  with 
and  confounded  by  soil  fertility,  come  into  play. 

The  complexity  of  such  interactions  made  it  difficult 
to  relate  changes  in  relative  component  grain  yields  of  the 
three-variety  mixed  stands  (Figures  3.5  and  3.6)  to  the 
regression  of  these  on  environmental  index  (Figure  3.3).   It 
was  interesting,  though,  that  the  yield  of  the  three- 
component  mixture  was  greater  than  that  of  the  alternate-row 
stand  in  good  environments,  as  it  was  for  the  damougari/ 
walaganari  mixed  stands  (Figure  3.6),  but  was  lower  in  poor 
environments,  as  for  the  CS-54 /walaganari  mixed  stands.   In 
addition,  the  relative  aggressiveness  of  walaganari, 
compared  to  the  other  two  varieties,  was  no  greater  in 
mixtures  than  in  mixed-row  stands  in  good  environments,  but 
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greater  in  poor  environments.   This  resulted  in  the 
complementarity  of  the  three  varieties  manifesting  itself 
more  in  mixtures  than  in  alternate  rows,  but  for  reasons 
which  are  not  clear.   In  poor  environments,  there  appeared 
to  be  a  compensation  effect  at  work  in  the  seed  mixture,  but 
the  aggressiveness  of  walaganari  did  not  make  up  for  the 
reduction  in  yield  of  both  CS-54  and  damougari.   In  the 
mixed-row  stand,  in  which  intervarietal  competition  was  less 
intense  than  in  the  seed  mixture,  a  complementarity  effect 
of  the  three  varieties  could  express  itself. 

Distribution  of  Confidence  Intervals,  On-Station  Trial 
Although  there  was  little  difference,  in  the  high 
fertility  domain,  between  the  mean  of  damougari  pure  and  of 
walaganari  pure  (i.e.,  the  "mid-component")  and  the  yield  of 
damougari  itself,  the  risk  of  low  yields  from  the  mid- 
component  was  considerably  lower  than  from  damougari  pure. 
This  was  due  to  the  smaller  standard  deviation  of  the  mid- 
component  mean  (Figure  3.7).   The  risk  of  low  yields  from 
the  mid-component  was  also  less  than  for  walaganari  in  pure 
stand  (not  illustrated) .   Thus  the  relative  down-side  risk 
from  growing  the  two  varieties,  even  if  they  are  not  grown 
as  mixed  stands,  is  less  than  from  growing  one  or  the  other. 
The  reduced  risk  of  low  yields  from  the  two  mixed  stands  was 
attributable  entirely  to  their  higher  means.   At  low 
fertility  levels,  the  lower  standard  deviation  of  the  mean 
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of  the  mid-component  yields  resulted  in  its  having  a  risk  of 
yields  lower  than  1200  kg  ha-1  about  equal  to  that  of 
walaganari  pure  and  the  mixed-row  stand,  although  the  mid- 
component  yield  itself  was  lower  (Figure  3.8). 

A  similar  trend  was  seen  for  the  mixed  stands  of 
walaganari  and  CS-54  compared  to  the  higher-yielding 
component  and  to  the  mid-component  yield.   In  good 
environments,  the  risk  of  yields  lower  than  2400  kg  ha1  from 
the  mid-component  is  less  than  that  of  the  alternate-row 
stand,  even  though  the  mid-component  mean  is  lower.   The 
risk  of  yields  lower  than  2700  kg  ha"1  or  so  is  less  from 
the  alternate-row  mixture  than  from  CS-54  pure,  which  is  the 
highest-yielding  stand  (Figure  3.9).   Of  course,  at  these 
high  yield  levels,  down-side  risk  is  not  as  important  as  at 
lower  fertility  levels.   In  poor  environments,  the  same 
pattern  holds  true.   Although  yields  of  the  mid-component 
mean  were  lower  than  for  CS-54  pure  or  for  the  alternate-row 
stand,  its  risk  of  low  yields  was  not  proportionally  greater 
(Figure  3.10).   From  figures  3.9  and  3.10,  the  inferior 
performance  of  seed  mixtures  of  CS-54  and  walaganari  was  as 
evident  in  terms  of  risk  as  it  was  in  terms  of  stability 
across  environments  (Figure  3.3),  and  in  terms  of  mean 
overall  productivity  (Tables  3.9  to  3.12  and  Figures  3.5  and 
3.6)  . 

Conversely,  the  three-variety  seed  mixture  had 
considerably  lower  risk  of  low  yields  than  any  of  the  other 
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D+W  Mixed  Stands,  High  Fert. 
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Figure   3.7     Lower  confidence   limits,    damougari    (D)    and 
walaganari    (W)    mixed   stands,    high   fertility. 
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D+W  Mixed  Stands,  Low  Fert. 
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Figure  3.8  Lower  confidence  limits,  damougari  (D)  and 
walaganari  (W)  mixed  stands,  low  fertility. 
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Figure  3.9   Lower  confidence  limits,  CS-54  (C)  and 

walaganari  (W)  mixed  stands,  high  fertility. 


127 


C+W  Mixed  Stands,  Low  Fert. 
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Figure  3.10  Lower  confidence  limits,  CS-54  (C)  and 

walaganari  (W)  mixed  stands,  low  fertility. 
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stands  in  good  environments,  even  though  its  mean  yield  was 
not  much  different  from  that  of  CS-54  (Figure  3.11).   The 
risk  of  low  yields  from  the  three-variety  mixture  in  poor 
environments,  however,  was  greater  than  any  of  the  other 
stands.   In  these  environments,  the  highest-yielding, 
lowest-risk  stand  was  alternate  rows  (Figure  3.12). 

This  study  tended  to  confirm  the  notion  that 
intraspecific  mixed  stands  of  sorghum  sometimes  outyield  the 
mean  of  their  components,  but  seldom  outyield  the  best 
component  (Marshall  and  Allard,  1974).   In  poor,  i.e.,  low 
fertility  environments,  the  mixed-row  stands  of  two-  and 
three-component  mixed  stands  performed  better  than  seed 
mixtures.  In  good  environments,  the  opposite  was  true, 
except  in  the  case  of  the  walaganari/CS-54  mixture,  which 
was  particularly  unsuited  to  high  fertility.   In  the  high 
fertility  environments,  all  of  the  mixed  stands  except  the 
walaganari/  CS-54  seed  mixture  had  lower  risk  of  low  yields 
than  their  mid-component,  but  only  half  (the  D+W+C  mixture, 
and  the  two  D+W  mixed  stands)  had  a  lower  risk  of  low  yields 
than  did  their  best  component.   In  poor  fertility 
environments,  only  the  alternate-row  mixtures  of  walaganari/ 
CS-54  and  of  damougari/walaganari/CS-54  had  less  risk  of  low 
yields  than  either  the  best  component  or  the  component  mean. 
It  was  not  uniformly  true  that  yields  of  mixed  stand  were 
more  stable  over  environments,  and  in  no  case  was  a  mixed 
stand  more  stable  than  its  most  stable  component. 
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Figure  3.11  Lower  confidence  limits,  damougari  (D) , 

walaganari  (W) ,    and  CS-54  (C)  mixed  stands, 
high  fertility. 
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D+W+C  Mixed  Stands,  Low  Fert. 
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Figure  3.12  Lower  confidence  limits,  damougari  (D)  , 

walaganari  (W) ,  and  CS-54  (C)  mixed  stands,  low 
fertility. 
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Regression  on  Environmental  Index.  On-Farm  Tests 

The  on-farm  tests  conducted  on  seed  mixtures  of  S3 5  and 
djigari  at  10  sites  in  1989  and  at  20  sites  in  1990  produced 
viable  results  from  8  sites  in  1989  and  from  18  in  1990. 
Grain  yield  site  means  of  S35  pure,  djigari  pure,  and  the 
three  proportions  (3:1,  2:2,  and  1:3)  of  seeds  mixed, 
produced  the  26  environmental  indices  shown  in  Figures  3.13 
to  3.18. 

Regression  on  E   of  the  yields  of  S35  and  djigari  in 
pure  stand  resulted  in  linear  responses  across  environments 
(Figure  3.13)  very  similar  to  those  for  S35  and  locals  in 
the  on-farm  variety  tests  from  1984  to  1987  (Figure  2.10). 
This  correspondence  tended  to  confirm  the  validity  of  the 
relative  stability  of  S35  and  local  sorghums.   It  also 
indicated  that  the  choice  for  this  test  of  djigari  as  a 
"representative"  local  variety  was  probably  a  reasonable 
one,  and  that  the  26  environments  of  this  test  (sites  and 
years)  were  a  fairly  representative  sample  of  environments. 
A  comparison  of  the  scatter  of  S35  and  djigari  yields  in 
this  test  (Figure  3.14)  with  that  of  S3 5  and  locals  from  the 
1984-87  tests  (Figure  2.12)  indicated  that  the  variability 
in  yields  was  perhaps  not  much  greater  for  this  test  than 
for  the  much  simpler  variety  tests. 

Comparisons  of  the  stability  of  the  three  mixtures  to 
their  two  components  involved  a  weighted  component  mean, 
corresponding  to  the  proportions  of  the  two  varieties  in  the 


MSA,  S35  and  Djigari  Pure  Stands 
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Figure  3.13  MSA  regression  of  S35  and  djigari  pure  stands, 
on-farm  sorghum  mixture  tests. 


Scatter,  S35  and  Djigari  Pure  Stands 
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Figure  3.14   Scatter  plot  of  S3 5  and  djigari,  on-farm  tests 
of  sorghum  mixtures. 


MSA,  S35  and  Djigari  Mixtures 
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Figure  3.15  MSA  regression  of  S35  and  djigari  mixtures,  on- 
farm  test  of  sorghum  mixtures. 


MSA,  Mixture  Dominated  by  S35 


135 


Grain  Yield  (t/ha) 


3S/1D  Mixed  :  b  -  0.99 
3S/1D  Pure  :  b  ■  0.91 


ooo  oo  oooe>«&oco  ooo  o  oo      o  o  o 

1 1 1 I I L_ 


~ —    S3S  Pure 
~\~    Djigari  Pure 
-*-    3S/1D  Mixed 
-*■    3S/1D  Pure 

0      E 


500      1000      1500     2000     2500     3000     3500 

Environmental  Index  (E) 


Figure  3.16  MSA  regression  of  mixture  dominated  by  S35, 
compared  to  pure  stands  of  its  components. 


MSA,  Mixture  Dominated  by  Djigari 
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Figure  3.17  MSA  regression  of  mixture  dominated  by  djigari, 
compared  to  pure  stands  of  its  components. 


MSA,  Equal  Mixture  of  S35  &  Djigari 
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Figure  3.18 


MSA  regression  of  2:2  mixture  of  S35  and 
djigari,  compared  to  pure  stands  of  its 
components . 
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mixture.   The  mixture  dominated  by  S3 5,  for  example,  was 
compared  to  a  synthetic  mid-component  mean  equal  to  three- 
fourths  the  yield  of  S3 5  pure  plus  one-fourth  the  yield  of 
djigari  pure. 

The  3:1  proportion  of  S35:djigari  was  slightly  more 
stable  across  environments  than  were  the  1:3  and  2:2 
proportions,  which  were  about  equal  in  stability.   The  3:1 
proportion  was  only  slightly  higher  yielding  in  low-yielding 
environments  than  the  other  two  mixtures,  and  only  slightly 
lower  yielding  in  better  environments  (Figure  3.15). 

The  mixture  dominated  by  S3 5  (3:1,  S3 5: djigari)  was 
less  stable  across  environments  than  both  the  mean  of  its 
components  in  pure  stand,  and  S3 5  in  pure  stand.   Its 
stability  was  not  much  different  from  that  of  djigari  pure 
(Figure  3.16).   The  mixture  dominated  by  djigari  was  also 
less  stable  than  S3 5  pure  and  than  the  weighted  mean  of  its 
components  (Figure  3.17).   The  major  difference  between 
these  two  mixtures  was  that  the  one  dominated  by  S3 5  yielded 
slightly  more  than  its  component  mean  in  very  poor 
environments,  while  that  dominated  by  djigari  yielded 
slightly  less  than  its  component  mean.   Both  of  these 
mixtures  were  higher  yielding  than  their  two  components  in 
very  good  environments.   The  equal  mixture  of  S3 5  and 
djigari  also  yielded  more  than  its  components  in  good 
environments,  and  yielded  essentially  the  same  as  the  mid- 


component  in  poor  environments  (Figure  3.18). 
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Classification  of  Environments,  On-Farm  Tests 

Ranking  the  25  test  sites  in  ascending  order  of 
environmental  index  did  not  produce  any  convincing 
classification  of  sites  into  domains  of  good  and  poor 
environments,  based  on  the  qualitative  environmental 
characteristics  of  year,  soil  texture,  or  crop  grown  two 
years  before  the  test  (Table  3.14).   Simple  linear 
regression  of  E   on  a  number  of  quantitative  environmental 
characteristics  was  therefore  done.   These  variables 
included  date  of  seeding,  total  rainfall,  and  years  the  test 
field  had  been  in  cultivation  (Table  3.14),  as  well  as  soil 
physical  and  chemical  properties  (Table  3.1).   The  results 
of  these  regressions  are  presented  in  Table  3.15. 

As  was  the  case  for  the  sorghum  variety  tests  from  1984 
to  1987,  date  of  seeding  accounted  for  more  of  the 
variability  in  environmental  index  than  any  other 
characteristic,  being  negatively  related  to  E.      Years  in 
cultivation,  soil  P,  and  total  rainfall  each  accounted  for 
10-15%  of  E   in  simple  linear  regression.   The  probability  of 
the  linear  relation  being  significant  was  about  5-10%  for 
each  of  these  three  variables,  compared  to  a  highly 
significant  relationship  between  E   and  date  of  seeding. 

It  would  be  possible  to  compute  a  predicted  synthetic 
environmental  index  based  on  multiple  regression  of  more 
than  one  environmental  variable.   Stepwise  linear  multiple 
regression  of  E   on  the  four  variables  accounting  for  the 
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Table  3.14.   Characteristics*  of  on-farm  tests  sites,  1989- 
90  sorghum  mixtures,  ranked  by  environmental  index. 


E 

Year 

Sector 

Rain 

DOS 

Cult 

Prec.  2 

Texture 

271 

1990 

Karhay  I 

385 

168 

50 

sorghum 

loamy 

sand 

371 

1990 

Dana 

454 

165 

34 

sorghum 

sandy 

loam 

420 

1989 

Kaele 

802 

155 

1 

fallow 

clay 

596 

1990 

Guidiguis 

514 

185 

50 

sorghum 

sandy 

loam 

685 

1990 

Karhay  I 

491 

165 

12 

sorghum 

loamy 

sand 

851 

1989 

Zongoya 

655 

158 

16 

sorghum 

loam 

952 

1990 

Zongoya 

759 

170 

11 

sorghum 

sandy 

loam 

1037 

1990 

Bogo 

536 

161 

. 

sorghum 

sandy 

loam 

1082 

1990 

Mora 

506 

167 

6 

sorghum 

sandy 

loam 

1217 

1989 

Karhay  I 

761 

156 

9 

sorghum 

sandy 

loam 

1227 

1990 

Dana 

581 

165 

11 

sorghum 

sandy 

loam 

1248 

1989 

Koza 

485 

153 

15 

sorghum 

silty 

clay 

1260 

1990 

Kaele 

696 

177 

33 

fallow 

sandy 

clay  loam 

1268 

1989 

Bogo 

608 

163 

5 

cotton 

sandy 

loam 

1383 

1989 

Guider 

940 

144 

8 

peanut 

sandy 

loam 

1492 

1990 

Mora 

455 

182 

30 

millet 

sandy 

loam 

1544 

1990 

Guider 

988 

165 

4 

sorghum 

sandy 

clay  loam 

1760 

1989 

Guidiguis 

686 

151 

7 

sorghum 

sandy 

loam 

1845 

1990 

Zongoya 

558 

151 

10 

sorghum 

loam 

1896 

1990 

Koza 

664 

152 

30 

sorghum 

clay  loam 

2092 

1990 

Bogo 

498 

169 

8 

sorghum 

loam 

2254 

1989 

Sorawel 

654 

160 

15 

sorghum 

sandy 

clay  loam 

2304 

1990 

Sorawel 

721 

150 

6 

peanut 

sandy 

loam 

2662 

1990 

Sorawel 

714 

134 

20 

peanut 

sandy 

clay  loam 

2827 

1990 

Guider 

688 

152 

10 

sorghum 

sandy 

loam 

3002 

1990 

Koza 

754 

152 

4 

sorghum 

sandy 

loam 

*  Rain 

=  total 

rainfall 

DOS 

=  days  from  1 

January  to 

date  of  seeding 

Cult. 

=  numbers  of  3 

fears 

field 

in  cultivation  1 

since 

last  fallow 
Prec.  2  =  crop  in  field  two  years  before  test 
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Table  3.15.   Simple  linear  regressions  of  environmental 
index  from  1989-90  sorghum  mixture  tests  on  quantitative 
environmental  characteristics . * 


Variable  b R£ ot 

Date  of  Seeding            -33.3        0.26  0.008 

Years  in  Cultivation       -21.4        0.15  0.056 

P  (Bray  1)                   38.2         0.14  0.061 

Total  Rainfall  (mm)          1.6        0.11  0.105 

%  silt                       19.1         0.08  0.170 

%  Organic  Carbon           545.8        0.07  0.176 

%  Sand                        -7.1         0.03  0.424 

%  Clay                       -1.8         0.00  0.918 

f  p  =  probability  of  b  being  statistically  significantly 
different  from  0 

*  Date  of  Seeding  =  days  from  1  January  to  date  of  seeding 

Years  in  Cultivation  =  years  field  cultivated  since  last 
fallow 
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most  variability  of  E,    however,  excluded  from  the  model  all 
but  date  of  seeding  (with  inclusion  in  the  model  either 
requiring  F>4  or  requiring  p<0.10).   From  a  practical, 
adaptive-research  viewpoint,  however,  it  is  more  to  the 
point  that  only  date  of  seeding  and  years  in  cultivation  are 
characteristics  likely  to  be  known  ex  ante    (although  the 
long-term  average  annual  rainfall,  if  this  is  known,  might 
be  used  in  the  model) .   A  multiple  linear  regression 
equation  with  both  years  in  cultivation  and  date  of 
seeding,  however,  accounted  for  less  than  three  percent  more 
of  the  variability  in  E   than  did  date  of  seeding  alone. 

Dividing  the  set  of  on-farm  test  sites  into  two  equal 
groups  based  on  dates  of  seeding  resulted  in  an  "early- 
seeded"  recommendation  domain,  seeded  on  or  before  10  June, 
and  a  "late-seeded"  domain,  seeded  after  10  June.   This 
division  was  somewhat  fortuitous  in  that  the  recommended 
date  of  seeding  in  northern  Cameroon  is  10  to  20  June. 

Analysis  of  Component  Grain  Yields,  On-Farm  Tests 

A  replacement  series  of  the  mixtures  in  the  early- 
seeded  tests  showed  djigari  to  be  somewhat  more  competitive 
than  S35  in  all  three  proportions  of  the  two  components. 
There  were  no  significant  differences  (p<0.05)  in  total 
grain  yield  among  any  of  the  pure  stands  and  mixtures 
(Figure  3.19).   In  late  seed-tests,  djigari  was  again  more 
aggressive  in  the  mixtures  than  was  S35,  but  this  difference 
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in  competitive  ability  appeared  to  be  smaller  than  in  early- 
seeded  environments  (Figure  3.20). 

In  late-seeded  tests,  the  only  significant  difference 
(p<0.05)  in  total  grain  yields  was  between  djigari  pure  and 
the  other  four  stands.   It  is  possible  that  this 
unexpectedly  low  yield  of  djigari  pure,  no  greater  than  that 
of  djigari  in  the  3:1  mixture,  was  due  to  the  plant  density 
of  the  pure  stand  being  too  high  for  the  poor  moisture  (or 
other)  conditions  coincident  with  late  seeding.   The  density 
of  djigari  in  the  1:3  S3 5: djigari  mixture  may  have  been 
nearer  the  optimum  density  for  djigari  in  such  conditions. 
This  observation  may  be  of  considerable  importance  for  the 
testing  of  improved,  short-cycle,  photoperiod-insensitive 
sorghum  varieties,  compared  with  longer-cycle,  traditional 
sorghums.   Relative  poor  performance  of  the  local  types  in 
late-seeded  tests  may  be  eliminated  simply  by  reducing  the 
density  of  the  locals. 

Distribution  of  Confidence  Intervals,  On-Farm  Tests 

Just  as  there  were  no  significant  differences  in  total 
grain  yield  among  the  mixtures  and  pure  stands  in  the  early- 
seeded  environments,  mixtures  of  S3 5  and  djigari  in  these 
environments  had  essentially  the  same  risk  of  low  yields  as 
did  their  mid-components  or  the  better  component,  S3 5 
(Figures  3.21  to  3.23).   In  late-seeded  environments,  S35  in 
pure  stand  was  not  just  higher  yielding  than  any  of  the 
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Figure  3.19   Replacement  series,  early-seeded  on-farm  tests 
of  sorghum  mixtures. 
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Figure  3.20  Replacement  series,  late-seeded  on-farm  tests 
of  sorghum  mixtures. 
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Figure  3.21  Lower  confidence  limits,  mixture  dominated  by 
S35,  early-seeded  environments  (S=S35, 
D=djigari) . 
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Figure  3.22  Lower  confidence  limits,  mixture  dominated  by 
djigari,  early-seeded  environments  (S=S35, 
D=djigari) . 
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Figure  3.23  Lower  confidence  limits,  2:2  mixture,  early- 
seeded  environments  (S=S3  5,  D=djigari) . 
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three  mixtures,  but  also  had  reduced  risk  of  low  yields. 
Not  surprisingly,  the  degree  of  superiority  of  S35  pure  over 
each  mixture,  in  terms  of  risk,  depended  on  the  proportion 
of  S35  in  the  mixture  (Figures  3.24  to  3.26). 

This  on-farm  study  supported  the  conclusions  of  Ross 
(1964)  and  Prasad  and  Sharma  (1980)  that  mixed  stands  of 
cereals  may  be  superior  to  pure  stands  in  high-yielding 
environments  rather  than  in  low-yielding  ones.   When  the  set 
of  test  sites  was  divided  into  only  two  "domains"  based  on 
date  of  seeding,  however,  this  advantage  was  not  as  evident 
as  in  regression  on  E.      Perhaps  the  mixtures  are  superior  at 
very  early  dates  of  seeding,  or  at  early-seeded  sites  which 
are  high-yielding  for  other  reasons  as  well.   Stability  of 
mixtures  appeared  to  resemble  that  of  their  less  stable 
component  more  than  that  of  their  more  stable  one.   In  no 
case  were  mixtures  more  stable  than  the  weighted  mean  of 
their  components  in  pure  stand. 

In  addition,  these  on-farm  tests  of  supported  the 
results  of  the  on-station  trial  of  mixed  stands,  indicating 
that  advantages  of  mixed  stands  over  pure  ones  manifest 
themselves  primarily  in  "good"  environments.   Since  the 
cause  of  such  advantages  must  be  due  to  the  difference 
between  intergenotypic  and  intragenotypic  competition,  one 
can  conclude  again  that  mixtures  of  these  sorghum  genotypes 
exhibit  complementarity  competition  effects  in  good 
environments,  but  do  not  exhibit  the  expected  compensation 
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effects  in  poor  ones.   That  is,  in  low-yielding 
environments,  intragenotypic  competition  effects  are  the 
only  important  ones,  while  in  high-yielding  environments, 
intergenotypic  competition  effects  are  also  important. 
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Figure  3.24  Lower  confidence  limits,  mixture  dominated  by 
S35,  late-seeded  environments  (S=S35, 
D=djigari) . 
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Figure  3.25  Lower  confidence  limits,  mixture  dominated  by 
djigari,  late-seeded  environments  (S=S3  5, 
D=djigari) . 
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Figure  3.26   Lower  confidence  limits,  2:2  mixture,  late- 
seeded  environments  (S=S35,  D=djigari). 


CHAPTER  IV 


SUMMARY  AND  CONCLUSIONS 


This  research  addressed  the  question  of  grain  yield  and 
yield  stability  of  improved  short-cycle  and  traditional 
long-cycle  sorghum  varieties  in  the  semi-arid  conditions  of 
northern  Cameroon.   Yield  stability  was  considered  to  be 
both  uniform  performance  across  diverse  environments,  as 
indicated  by  a  slope  of  zero  when  yields  were  regressed  on 
an  environmental  index,  and  also  reduced  risk  of  low  yields. 

Modified  Stability  Analysis  was  performed  on  the 
results  of  four  years  of  on-farm  varietal  tests.   The 
improved  variety  S3 5  was  shown  to  be  more  stable  across 
environments  (b  closer  to  unity)  than  farmers1  local 
varieties,  yielding  about  the  same  as  the  locals  in  good 
environments,  but  considerably  better  in  poor  ones.   The 
chief  determinant  of  good  and  poor  environments,  represented 
by  the  environmental  index  for  these  two  types  of  varieties, 
was  date  of  seeding. 

The  yield  superiority  of  S3 5  over  locals  was  greater  in 
late-seeded  test  sites  than  in  early-seeded  test  sites,  as 
was  its  superiority  in  terms  of  reduced  risk  of  low  yields. 
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This  difference  in  the  relative  superiority  of  S3 5  over 
locals  was  less  evident,  but  still  valid,  when  late-seeded 
SODECOTON  sectors  were  compared  to  early-seeded  sectors. 

Sectors  with  low  sorghum  yields,  as  measured  by 
environmental  indices  in  the  on-farm  tests,  corresponded 
well  to  sectors  in  which  S3 5  is  currently  being  adopted  by 
farmers.   There  was  also  a  correspondence  between  average 
date  of  seeding  within  a  sector  and  adoption  of  S35. 
Modified  Stability  Analysis  was  concluded  to  be  a  useful 
tool  in  the  analysis  of  variability  of  on-farm  sorghum 
varietal  trials,  and  might  have  helped  predict  the  patterns 
of  adoption  of  the  variety  S35  as  early  as  1985,  perhaps 
even  1984.   Such  prediction  would  have  depended  upon 
recognition  that  even  small  yield  increases  of  S35  over 
locals  in  low-yielding  environments  represented  huge 
percentage  increases.   The  critical  interaction  between  date 
of  seeding  and  relative  yields  of  S3 5  and  locals,  and  the 
relationship  between  generally  low-yielding  environments  and 
date  of  seeding  also  must  have  been  seen.   Finally, 
researchers  would  have  needed  to  recognize  that  adoption  of 
S3 5  would  be  more  likely  where  the  relative  advantages  of 
S35  corresponded  to  current  farmer  practices  and  not  where 
farmers  could  be  persuaded  to  change  their  practices  to  suit 
the  requirements  of  S3 5. 

Mixed  stands  of  the  improved,  short-cycle  sorghum 
variety  CS-54,  in  either  mixed-row  stands  or  seed  mixtures 
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with  a  long-cycle  and/or  a  short-cycle  sorghum  variety,  were 
shown  to  be  sometimes  superior  to  the  mean  of  the  components 
in  pure  stand,  but  not  superior  to  the  highest-yielding 
component.   From  an  on-station  trial  in  which  soil  fertility 
was  the  major  determinant  of  differences  in  experimental 
"environments,"  changes  in  the  complementarity  and 
compensation  effects  of  mixed  stands  were  linked  to  the 
relative  adaptation  of  the  component  varieties  to  high  and 
low  fertility. 

Beneficial  compensation  mixing  effects,  theoretically 
more  important  in  sub-optimal  conditions,  were  not 
particularly  noticeable  in  this  trial.   It  seemed  that 
positive  complementarity  mixing  effects  were  limited  to 
better-yielding,  high-fertility  environments.   In  general, 
mixed-row  stands  were  superior  to  seed  mixtures,  although 
the  three-variety  seed  mixture  performed  better  than  the 
alternate-row  stand  under  high  fertility. 

In  the  on-farm  test,  seed  mixtures  of  S3 5  and  djigari 
were  less  stable  across  environments  than  S3 5  in  pure  stand; 
the  stability  of  the  mixtures  was  much  the  same  as  that  of 
djigari  pure.   Overall  average  yields  of  mixtures  were  no 
greater  than  for  pure  stands.   Modified  Stability  Analysis 
predicted  higher  yields  from  mixtures  than  from  either  pure 
component  stand  in  high-yielding  environments.   When  the 
test  sites  were  divided  into  early-seeded  and  late-seeded 
recommendation  domains,  however,  this  superiority  of 
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mixtures  in  the  late-seeded  domain  was  not  particularly 
evident.   Although  late-seeded  mixtures  yielded  better  than 
late-seeded  djigari  pure,  even  this  advantage  might  perhaps 
have  resulted  from  the  reduced  density  of  djigari  in  the 
mixtures  was  suited  to  the  low-moisture  conditions  of  late 
seeding  while  the  full  (62,500  plants/ha)  density  of  djigari 
pure  was  too  high. 

When  seeding  of  sorghum  is  late,  then,  S3 5  in  pure 
stands  seems  justified.   When  early-seeded,  either  S35  or 
djigari  in  pure  stand  are  as  good  as  any  of  the  mixtures. 
It  should  be  noted  that  at  least  one  of  the  major  drawbacks 
of  production  of  the  improved  varieties,  the  need  for 
protection  against  birds,  was  not  a  factor  in  this  research. 
Plots  in  the  on-station  trial  were  guarded  continuously; 
even  the  on-farm  tests  received  more  attention  than  would 
probably  be  accorded  the  average  production  plot.   Still, 
more  than  one  farmer  collaborating  in  the  on-farm  test 
expressed  a  preference  for  seeding  the  improved  and  local 
varieties  separately,  due  to  improved  ease  of  guarding  the 
more  susceptible,  improved  variety  from  birds. 

Some  specific  recommendations  for  the  sorghum  research 
program  in  Maroua  can  be  drawn  from  the  present  research. 
One  is  that  much  more  emphasis  needs  to  be  placed  on 
understanding  local  sorghum  varieties,  their  different 
places  in  farmers'  cropping  systems,  and  the  range  of 
strategies  farmers  have  for  optimizing  varietal  performance. 
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It  was  seen,  for  example,  that  djigari  and  walaganari, 
though  both  long-cycle,  differed  in  their  stability  across 
environments  and  in  their  performance  in  mixtures  with 
short-cycle  improved  sorghums.   The  difference  in  response 
of  damougari  and  walaganari  to  fertilization  also  indicated 
that  local  types  do  not  comprise  a  single  monolithic  entity. 
Different  local  varieties  and  their  interactions  with 
agronomic  production  factors  should  be  given  the  same 
attention  by  researchers  as  are  the  "improved"  varieties. 
Few  advantages  of  mixed  sorghum  stands  were  seen  in 
this  research.   None  of  the  mixed  stands  studied  can  be 
recommended  to  farmers  as  superior  to  pure  stands  of  S3 5  or 
CS-54,  even  under  favorable  environmental  conditions.   The 
fact,  however,  that  farmers  themselves  are  growing  mixed 
stands,  even  with  the  newly-introduced  varieties,  indicates 
that  more  information  is  needed  on  farmers '  strategies  and 
motives.   Which  varieties  and  which  environmental 
conditions,  in  the  opinion  of  farmers,  favor  mixed  stands 
over  pure  stands?   According  to  what  criteria  do  farmers 
judge  performance  of  mixed  stands  versus  pure  stands?   It 
may  be,  for  example,  that  farmers  now  mixing  S3 5  with  their 
local  types  are  not  so  much  interested  in  growing  what 
breeders  would  call  an  "annually  reconstituted  blend"  as  in 
doing  some  bulk  propagation  and  improvement  of  a  mixed 
population  of  the  local  and  S35  genotypes. 
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A  recommendation  for  the  extension  of  S3 5  is  that  its 
dissemination  should  be  uncoupled  from  recommendation  of  a 
complete  package,  including  optimum  date  of  seeding, 
fertilization,  seeding  in  rows,  etc.   Its  advantage  when 
seeded  late  should  be  stressed.   If  SODECOTON  or  the 
government  extension  service  cannot,  for  financial  reasons, 
extend  the  variety  throughout  the  Extreme  North  Province, 
increased  efficiency  of  extension  resources  could  be 
achieved  by  concentrating  extension  efforts  in  those  sectors 
where  seeding  tends,  on  average,  to  be  late,  i.e.,  the  more 
northern,  lower-rainfall  sectors. 

The  guestion  of  date  of  seeding  of  local  and  improved 
sorghum  varieties  needs  to  be  addressed  in  more  detail. 
Such  research  could  be  done  in  multilocation  trials  on 
research  stations,  but  more  useful  information  could  be  had 
from  on-farm  trials.   Such  trials  could  easily  be  done  in 
the  recently  organized  TLU  villages  d' observation,    but  might 
have  to  be  researcher-managed.   Given  the  importance  of 
stability  as  a  criterion  for  evaluation  of  the  performance 
of  sorghum  under  farmers'  conditions,  on-farm  studies 
should,  whenever  feasible,  be  given  preference  over  on- 
station  trials.   Whether  done  in  farmers'  fields  or  on 
research  stations,  date-of -seeding  trials  should  investigate 
the  interactions  of  variety  (including  several  of  the  more 
common  local  types),  date  of  seeding,  density,  and  (ideally) 
fertilization. 
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It  should  be  noted  that  the  analyses  reported  here  were 
limited  to  agronomic  concerns  and  did  not  include  economic 
considerations.   For  the  varietal  tests  from  1984  to  1987, 
and  for  the  on-farm  mixture  tests,  the  only  economic 
variable  of  possible  concern  was  the  cost  of  the  seed  of  the 
improved  variety  S35.   This  cost,  compared  to  the  overall 
cost  of  sorghum  production  in  northern  Cameroon,  was 
considered  small  enough  not  to  warrant  economic  analysis. 
It  is  unfortunate  that  detailed  labor  data  were  not 
collected  for  the  mixture  trials  to  allow  evaluation  of 
additional  labor  requirements  of  growing  mixtures, 
especially  at  planting  and  harvest. 

In  the  on-station  trials  of  mixed  stands,  detailed 
labor  data  was  again  unavailable.   Since  the  comparisons  of 
interest  in  this  trial  were  comparisons  between  pure  stands 
and  mixed  stands  within  a  fertilization  level,  or  within  a 
soil  fertility  domain,  rather  than  among  treatments  across 
fertilization  levels,  economic  analyses  of  returns  to  unit 
land  area  or  of  returns  to  fertilizer  expenditure  were  not 
considered  essential. 

Two  observations  on  Modified  Stability  Analysis  imposed 
themselves  during  the  course  of  this  research.   The  first  is 
that  the  regression  component  of  MSA  is  "predictive"  in  a 
limited  sense.   Just  as  a  number  of  crop  breeders  have 
stressed  that  the  relative  stability  of  varieties  indicated 
by  this  technique  is  unique  to  the  particular  set  of 
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varieties  tested,  it  is  also  highly  dependent  upon  the  set 
of  "environments"  in  the  test.   The  relative  stability  of 
varieties  over  a  range  of  test  sites  for  which  the 
overwhelming  determinant  of  "high-yielding"  versus  "low- 
yielding"  environments  is  amount  of  rainfall  is  likely  to  be 
different  from  the  relative  stability  over  environments  for 
which  the  overwhelming  determinant  is  some  other  factor 
unrelated  to  rainfall.   Given  that  many  of  the  important 
environmental  variables  are  in  interaction,  however,  two 
sets  of  environments  with  more  or  less  the  same  broad  range 
of  E   values,  distributed  in  more  or  less  the  same  manner, 
will  probably  produce  the  same  relative  stability  responses 
for  a  given  set  of  varieties  or  other  treatments. 
Researchers  should  nevertheless  assure  themselves  that  the 
set  of  test  environments  contains  representative  variability 
of  the  important  determinants  of  yield  of  the  crop  of 
interest. 

A  more  serious  shortcoming  of  the  way  that  MSA  is 
commonly  used  by  FSR/E  researchers  was  pointed  out  by  these 
studies.   Once  an  environmental  index  has  been  established 
and  the  treatments  regressed  on  it,  researchers  tend  too 
easily  to  content  themselves  with  discussing  the  suitability 
of  one  treatment  or  another  to  the  "recommendation  domain" 
of  good  environments  or  of  poor  environments.   This  is 
usually  done,  remarkably  enough,  with  a  straight  face  and  in 
all  seriousness.   Nothing  could  make  less  sense. 
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An  old  baseball  story  recounts  a  batter  arguing  to  the 
umpire  that  the  pitch  he  has  let  pass  was  a  ball  and  not  a 
strike,  as  called.   The  umpire  replies  "It  ain't  nothing 
until  I  call  it."   In  approximately  the  same  manner,  a  range 
of  environmental  indices  is  nothing,  least  of  all  a 
"recommendation  domain,"  until  it  has  been  related  in  a 
convincing  way  to  some  environmental  variable,  either 
qualitative  or  quantitative,  that  can  be  identified  ex  ante 
and  used  by  farmers  and  extension  personnel  as  an  adoption 
decision  criterion.   Given  the  somewhat  loose  relationship 
between  E   and  the  environmental  determinants  in  this 
research,  the  "predictive"  relationship  of  two  treatments  in 
good  or  poor  environments  shown  in  regression  on  E   will 
probably  always  be  only  a  rough  approximation  of  the 
relationship  within  true  recommendation  domains.   Even  the 
relationship  between  E   and  soil  fertility  in  the  on-station 
trial,  although  clear,  was  a  tenuous  base  upon  which  to 
build  recommendation  domains.   General  "soil  fertility"  can 
probably  only  be  identified  ex  ante   when  a  site  is  as  well 
understood  as  the  average  research  station,  or  when  a  major 
determinate  of  fertility  is,  as  in  the  present  research,  the 
level  of  fertilizer  actually  applied. 

Modified  Stability  Analysis  is  a  useful  and  potentially 
powerful  tool  in  the  analysis  and  interpretation  of  on-farm 
research  in  areas  where  stability  of  production  is 
primordial  and  in  which  the  nature  of  the  variability  in  on- 
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farm  environments  is  highly  complex.   The  studies  on  pure 
and  mixed  stands  of  local  and  improved  sorghums  in  northern 
Cameroon,  however,  illustrated  that  judicious  use  of  MSA  is 
perhaps  more  an  art  than  a  science,  and  that  MSA  is  better 
thought  of  as  an  adjunct  to  rather  than  a  replacement  for 
other,  more  common,  analytical  tools. 
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Table  A.l   Data  from  1984-87  on-farm  variety  tests  (sec  = 
sector;  vill  =  village;  ylds35  =  yield  of  S35;  yldloc  = 
yield  of  local;  ei2  =  environmental  index;  dos  =  date  of 
seeding;  rain  =  rainfall  1-90  days  after  seeding  for  1985-86 
and  total  rainfall  for  1987) 


year 


sec 


vill   ylds35   yldloc 


ei2 


dos 


rain 


1984 

bogo 

dig 

21 

18 

19.5 

199 

243 

1984 

yoldeo 

dem 

22 

130 

76 

177 

306 

1984 

dogba 

dje 

140 

14 

77 

186 

396 

1984 

zongoya 

gaw 

153 

25 

89 

174 

598 

1984 

bogo 

fad 

96 

87 

91.5 

209 

182 

1984 

dana 

tch 

260 

0 

130 

196 

155 

1984 

bogo 

zak 

63 

234 

148.5 

186 

160 

1984 

yoldeo 

hod 

236 

85 

160.5 

185 

329 

1984 

bogo 

kou 

127 

270 

198.5 

192 

243 

1984 

dziguilao 

dan 

191 

257 

224 

181 

301 

1984 

bogo 

gui 

305 

148 

226.5 

185 

302 

1984 

kourgui 

san 

363 

135 

249 

188 

278 

1984 

moutouroua 

bad 

475 

127 

301 

185 

500 

1984 

yoldeo 

sir 

353 

272 

312.5 

190 

251 

1984 

moutouroua 

min 

512 

122 

317 

176 

390 

1984 

bidzar 

man 

320 

467 

393.5 

195 

458 

1984 

karhay  II 

lok 

662 

227 

444.5 

199 

236 

1984 

mokong 

mok 

970 

66 

518 

186 

309 

1984 

dziguilao 

sou 

529 

529 

529 

180 

253 

1984 

dziguilao 

map 

1040 

43 

541.5 

181 

304 

1984 

moutouroua 

tch 

1101 

0 

550.5 

205 

360 

1984 

mokong 

gaz 

725 

400 

562.5 

167 

335 

1984 

dogba 

dja 

875 

280 

577.5 

195 

329 

1984 

hina 

our 

550 

605 

577.5 

198 

579 

1984 

zongoya 

yam 

724 

531 

627.5 

192 

332 

1984 

dana 

kar 

1044 

331 

687.5 

186 

285 

1984 

dogba 

god 

1143 

235 

689 

201 

462 

1984 

dana 

dja 

1228 

153 

690.5 

190 

279 

1984 

bidzar 

dou 

1286 

243 

764.5 

193 

536 

1984 

kourgui 

kil 

943 

600 

771.5 

162 

317 

1984 

ardaf 

har 

1309 

256 

782.5 

186 

335 

1984 

mokong 

kil 

1543 

97 

820 

175 

433 

1984 

dogba 

beg 

486 

1214 

850 

184 

339 

1984 

hina 

mou 

1601 

175 

888 

187 

476 

1984 

sorawel 

djo 

1806 

0 

903 

205 

278 

1984 

hina 

hin 

941 

886 

913.5 

174 

532 

1984 

meme 

bak 

1423 

441 

932 

196 

392 

1984 

mokong 

med 

1216 

659 

937.5 

181 

437 

1984 

hina 

ber 

961 

1000 

980.5 

170 

563 

1984 

mindif 

yan 

1261 

714 

987.5 

184 

435 

1984 

mokong 

pom 

1584 

400 

992 

185 

411 

1984 

mayo  oulo 

tra 

1722 

269 

995.5 

194 

449 

1984 

zongoya 

kat 

1070 

947 

1008.5 

193 

438 

1984 

bidzar 

kon 

845 

1237 

1041 

196 

507 

1984 

meme 

may 

953 

1132 

1042.5 

184 

558 

1984 

koza 

mos 

1934 

184 

1059 

189 

498 

1984 

lara 

piw 

2110 

29 

1069.5 

175 

429 

1984 

karhay  II 

gui 

1586 

554 

1070 

171 

155 

1984 

mokong 

mam 

1534 

643 

1088.5 

175 

498 

1984 

gobo 

pol 

1878 

303 

1090.5 

176 

321 

1984 

moutouroua 

bar 

1453 

814 

1133.5 

184 

476 

1984 

guidiguis 

dou 

1331 

970 

1150.5 

189 

298 
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year 


sec 


vill    ylds35    yldloc 


ei2 


dos 


rain 


1984 

guidiguis 

dou 

1500 

908 

1204 

178 

260 

1984 

karhay  I 

mbr 

1855 

565 

1210 

196 

221 

1984 

mayo  oulo 

our 

1395 

1038 

1216.5 

186 

518 

1984 

meme 

ser 

1049 

1384 

1216.5 

199 

389 

1984 

mayo  oulo 

mou 

1805 

636 

1220.5 

177 

513 

1984 

karhay  II 

thi 

2048 

417 

1232.5 

187 

. 

1984 

karnay  I 

tib 

1605 

889 

1247 

186 

328 

1984 

zongoya 

ndo 

1512 

984 

1248 

192 

309 

1984 

karhay  I 

man 

2078 

461 

1269.5 

186 

331 

1984 

guidiguis 

geg 

1405 

1182 

1293.5 

177 

298 

1984 

sorawel 

gar 

2092 

508 

1300 

178 

337 

1984 

gobo 

mou 

1045 

1593 

1319 

177 

316 

1984 

mindif 

hop 

1627 

1084 

1355.5 

196 

347 

1984 

koza 

ass 

928 

1784 

1356 

167 

297 

1984 

meme 

tok 

2085 

653 

1369 

168 

493 

1984 

ardaf 

ard 

2265 

564 

1414.5 

178 

325 

1984 

mindif 

doy 

1085 

1754 

1419.5 

194 

402 

1984 

yoldeo 

bal 

2042 

824 

1433 

188 

286 

1984 

hina 

may 

2697 

335 

1516 

196 

461 

1984 

dana 

tch 

2264 

855 

1559.5 

167 

132 

1984 

lara 

bip 

1574 

1548 

1561 

173 

526 

1984 

lara 

goi 

1883 

1249 

1566 

171 

589 

1984 

zongoya 

mar 

1808 

1348 

1578 

167 

690 

1984 

hina 

par 

2540 

915 

1727.5 

168 

346 

1984 

mindif 

min 

1607 

1879 

1743 

188 

435 

1984 

zongoya 

ouy 

2275 

1444 

1859.5 

195 

437 

1984 

sorawel 

her 

2490 

1271 

1880.5 

191 

432 

1984 

koza 

dji 

2443 

1344 

1893.5 

197 

435 

1984 

moulvoudaye 

gui 

1874 

2085 

1979.5 

177 

404 

1984 

moulvoudaye 

dar 

2188 

1859 

2023.5 

179 

502 

1984 

gobo 

kai 

2619 

1466 

2042.5 

192 

318 

1984 

moulvoudaye 

gou 

2714 

1675 

2194.5 

196 

304 

1984 

dogba 

kal 

2476 

2195 

2335.5 

191 

422 

1984 

gobo 

gim 

3353 

2629 

2991 

178 

311 

1984 

gobo 

dou 

4018 

2375 

3196.5 

177 

319 

1985 

karhay  I 

sao 

130 

427 

278.5 

171 

521 

1985 

moulvoudaye 

mou 

327 

455 

391 

179 

570 

1985 

sorawel 

tch 

748 

302 

525 

170 

757 

1985 

zongoya 

min 

770 

300 

535 

196 

561 

1985 

lara 

ler 

789 

338 

563.5 

198 

296 

1985 

mindif 

dja 

658 

633 

645.5 

171 

587 

1985 

mokong 

sab 

1159 

234 

696.5 

174 

635 

1985 

sorawel 

gui 

1462 

50 

756 

175 

520 

1985 

mayo  oulo 

mat 

1230 

366 

798 

160 

519 

1985 

yoldeo 

our 

571 

1039 

805 

194 

404 

1985 

zongoya 

gaz 

661 

950 

805.5 

166 

731 

1985 

hina 

win 

904 

769 

836.5 

167 

759 

1985 

mokong 

dim 

571 

1116 

843.5 

145 

571 

1985 

moulvoudaye 

gou 

989 

731 

860 

172 

652 

1985 

guidiguis 

nim 

778 

1087 

932.5 

163 

529 

1985 

moulvoudaye 

gad 

715 

1159 

937 

184 

445 

1985 

moutouroua 

min 

1414 

606 

1010 

152 

556 

1985 

bogo 

bal 

1505 

595 

1050 

186 

478 

1985 

mission 

cat 

862 

1238 

1050 

166 

936 

1985 

bogo 

gui 

861 

1325 

1093 

172 

496 

1985 

ardaf 

ard 

885 

1306 

1095.5 

159 

370 

1985 

bidzar 

nde 

884 

1329 

1106.5 

152 

483 
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year 


sec 


vill 


ylds35        yldloc 


ei2 


dos 


rain 


1985 

meme 

gou 

1985 

karhay  II 

lok 

1985 

lara 

bob 

1985 

mind if 

moj 

1985 

mokong 

mot 

1985 

koza 

gue 

1985 

zongoya 

gaw 

1985 

ardaf 

gou 

1985 

koza 

mo  s 

1985 

ardaf 

har 

1985 

moutouroua 

mou 

1985 

karhay  I 

sog 

1985 

gobo 

dom 

1985 

hina 

zou 

1985 

dana 

kot 

1985 

karhay  I I 

dou 

1985 

sorawel 

gat 

1985 

mayo  oulo 

bel 

1985 

lara 

piw 

1985 

mokong 

mok 

1985 

bogo 

sed 

1985 

yoldeo 

con 

1985 

dana 

kou 

1985 

meme 

gan 

1985 

mindif 

doy 

1985 

dziguilao 

map 

1985 

moutouroua 

min 

1985 

gobo 

gui 

1985 

koza 

ass 

1985 

yoldeo 

gui 

1985 

gobo 

gal 

1985 

bidzar 

mou 

1985 

kourgui 

bia 

1985 

hina 

mou 

1985 

oulo 

our 

1985 

sorawel 

son 

1985 

gobo 

gob 

1985 

guidiguis 

dou 

1985 

hina 

dja 

1985 

karhay  II 

dou 

1985 

karhay  II 

thi 

1985 

kourgui 

tal 

1985 

guidiguis 

dou 

1985 

karhay  I 

you 

1985 

bogo 

bor 

1985 

dana 

kou 

1985 

dziguilao 

dan 

1985 

zongoya 

fak 

1985 

meme 

mak 

1985 

dziguilao 

sou 

1985 

karhay  I 

gan 

1985 

moutouroua 

pil 

1985 

kourgui 

kou 

1985 

kourgui 

kid 

1985 

mindif 

pil 

1985 

bidzar 

bat 

1985 

bidzar 

bid 

1001 

1300 

1150.5 

165 

550 

1509 

801 

1155 

187 

275 

1408 

1005 

1206.5 

153 

410 

1737 

739 

1238 

172 

571 

1187 

1300 

1243.5 

165 

728 

1211 

1365 

1288 

166 

619 

1407 

1220 

1313.5 

166 

636 

1371 

1289 

1330 

161 

421 

1605 

1075 

1340 

166 

548 

1270 

1461 

1365.5 

159 

477 

1298 

1490 

1394 

165 

513 

1366 

1456 

1411 

166 

364 

1417 

1426 

1421.5 

164 

462 

1821 

1084 

1452.5 

170 

825 

1207 

1716 

1461.5 

172 

460 

1427 

1496 

1461.5 

184 

. 

2454 

509 

1481.5 

152 

523 

1115 

1856 

1485.5 

165 

599 

1297 

1719 

1508 

154 

381 

1160 

1875 

1517.5 

166 

638 

1536 

1508 

1522 

178 

396 

1844 

1235 

1539.5 

164 

410 

1806 

1384 

1595 

158 

485 

2071 

1166 

1618.5 

178 

397 

2074 

1268 

1671 

176 

561 

1434 

1912 

1673 

166 

425 

1896 

1461 

1678.5 

166 

594 

1586 

2020 

1803 

166 

504 

2145 

1526 

1835.5 

174 

374 

2466 

1312 

1889 

178 

369 

1814 

2060 

1937 

163 

418 

1944 

2059 

2001.5 

170 

644 

1895 

2128 

2011.5 

172 

345 

1985 

2076 

2030.5 

178 

694 

2631 

1449 

2040 

149 

526 

2494 

1627 

2060.5 

170 

715 

2169 

2010 

2089.5 

158 

409 

2066 

2226 

2146 

170 

503 

2562 

1730 

2146 

165 

696 

2153 

2329 

2241 

166 

360 

2360 

2151 

2255.5 

171 

520 

2379 

2164 

2271.5 

169 

634 

2440 

2189 

2314.5 

167 

492 

1607 

3068 

2337.5 

138 

296 

2182 

2553 

2367.5 

174 

451 

2372 

2742 

2557 

147 

397 

2892 

2297 

2594.5 

165 

359 

2532 

2730 

2631 

166 

636 

2884 

2399 

2641.5 

173 

388 

2728 

2599 

2663.5 

158 

420 

2569 

2797 

2683 

158 

496 

2930 

2483 

2706.5 

168 

476 

3431 

2136 

2783.5 

182 

333 

2970 

2612 

2791 

178 

269 

2943 

2799 

2871 

176 

361 

2964 

3701 

3332.5 

150 

470 

3551 

3136 

3343.5 

145 

475 
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year 


sec 


vill 


ylds35        yldloc 


ei2 


dos 


rain 


1986 

karhay  I 

kada 

731 

212 

471.5 

172 

679 

1986 

mayo  oulo 

bili 

705 

252 

478.5 

168 

828 

1986 

moulvoudaye 

gadjia 

775 

461 

618 

180 

751 

1986 

mindif 

yakang 

992 

777 

884.5 

208 

516 

1986 

moutouroua 

midjivin 

1107 

960 

1033.5 

165 

791 

1986 

karhay  II 

wallia 

1354 

928 

1141 

172 

326 

1986 

yoldeo 

kodeck 

767 

1731 

1249 

176 

612 

1986 

meme 

talawaila 

1091 

1749 

1420 

175 

425 

1986 

moutouroua 

moundjoui 

1337 

1676 

1506.5 

163 

600 

1986 

kourgui 

gouzoudou 

1403 

1769 

1586 

190 

390 

1986 

zongoya 

n'doukoula 

2175 

1352 

1763.5 

168 

651 

1986 

dana 

hougno 

1625 

1967 

1796 

182 

141 

1986 

dziguilao 

dzigilao 

1692 

2008 

1850 

164 

585 

1986 

bidzar 

batao 

1881 

1949 

1915 

164 

800 

1986 

bogo 

baouli 

2098 

1946 

2022 

189 

393 

1986 

karhay  I 

zouaye 

1832 

2226 

2029 

164 

843 

1986 

gobo 

domsoulkou 

2312 

1833 

2072.5 

171 

624 

1986 

ardaf 

gounou  holom 

1509 

2648 

2078.5 

171 

642 

1986 

lara 

gamsour 

2622 

1797 

2209.5 

170 

756 

1986 

mokong 

mo'o 

1789 

2760 

2274.5 

171 

954 

1986 

sorawel 

djabi 

2610 

2187 

2398.5 

177 

686 

1986 

guidiguis 

lalipaki 

2187 

2699 

2443 

165 

730 

1986 

dogba 

dogba 

2458 

2606 

2532 

180 

517 

1986 

bogo 

diguir 

2708 

2444 

2576 

186 

634 

1986 

gobo 

bigui 

2608 

2608 

2608 

171 

655 

1986 

yoldeo 

dargala 

2445 

2830 

2637.5 

178 

627 

1986 

zongoya 

zouma 

2627 

2779 

2703 

166 

586 

1986 

dziguilao 

balane 

2831 

2586 

2708.5 

167 

326 

1986 

kourgui 

kouyape 

2826 

2644 

2735 

186 

493 

1986 

sorawel 

tchekal 

2963 

2511 

2737 

165 

842 

1986 

moulvoudaye 

darame 

3429 

2176 

2802.5 

176 

681 

1986 

lara 

djidamar 

3141 

2534 

2837.5 

161 

774 

1986 

dogba 

mikiri 

2749 

3313 

3031 

162 

548 

1986 

bidzar 

bidzar 

3053 

3182 

3117.5 

164 

799 

1986 

mokong 

zamai 

3219 

3147 

3183 

161 

590 

1986 

mayo  oulo 

beli 

3642 

2945 

3293.5 

168 

752 

1986 

guidiguis 

touloum 

3634 

2991 

3312.5 

171 

627 

1986 

meme 

aissa  ii 

3303 

3685 

3494 

186 

409 

1987 

meme 

warba 

443 

101 

272 

194 

298 

1987 

sorawel 

lamourde  I 

1605 

486 

1045.5 

157 

508 

1987 

hina 

hina 

941 

1193 

1067 

192 

657 

1987 

sorawel 

koina 

1717 

439 

1078 

162 

659 

1987 

zongoya 

zoumba 

1231 

980 

1105.5 

167 

518 

1987 

ardaf 

loko 

1022 

1422 

1222 

171 

943 

1987 

koza 

koza  centre 

1650 

805 

1227.5 

192 

758 

1987 

guidiguis 

bizili  gazaw 

1726 

784 

1255 

166 

. 

1987 

dogba 

papata 

948 

1913 

1430.5 

166 

499 

1987 

mayo  oulo 

goulong  fali 

1425 

1496 

1460.5 

177 

498 

1987 

hina 

ouro  guertod 

1709 

1317 

1513 

191 

. 

1987 

dana 

tcherfeke 

1558 

1489 

1523.5 

168 

800 

1987 

dziguilao 

domba 

1636 

1532 

1584 

170 

570 

1987 

lara 

djidoma 

1507 

1663 

1585 

164 

618 

1987 

mokong 

zamai 

1716 

1490 

1603 

191 

452 

1987 

yoldeo 

hopore 

1634 

1577 

1605.5 

170 

512 

1987 

gobo 

bigui 

1114 

2200 

1657 

168 

. 

1987 

mindif 

yakang 

1627 

1836 

1731.5 

166 

502 

1987 

lara 

lera 

1505 

2148 

1826.5 

168 

694 
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year 


sec 


vill 


ylds35         yldloc 


ei2 


dos 


rain 


1987 

dana 

koudoufou 

1575 

2107 

1841 

168 

649 

1987 

mayo  oulo 

douroum 

1764 

1930 

1847 

178 

. 

1987 

moutouroua 

midjivin 

1562 

2229 

1895.5 

162 

692 

1987 

karhay  I 

youaye  taala 

2002 

2099 

2050.5 

171 

617 

1987 

gobo 

domsoulkou 

2239 

1920 

2079.5 

167 

785 

1987 

bogo 

guingley 

2596 

1612 

2104 

165 

464 

1987 

bidzar 

batao 

2087 

2415 

2251 

153 

524 

1987 

karhay  I 

zouaye 

2314 

2358 

2336 

166 

583 

1987 

moulvoudaye 

gadjia 

2948 

2063 

2505.5 

169 

674 

1987 

karhay  11 

doukoula 

2509 

2813 

2661 

167 

562 

1987 

dziguilao 

barlang 

2414 

2934 

2674 

166 

763 

1987 

zongoya 

pourtamai 

3382 

2220 

2801 

168 

487 

1987 

mokong 

tchumpel 

2735 

2958 

2846.5 

166 

551 

1987 

karhay  II 

dadjamka 

2694 

3097 

2895.5 

167 

636 

1987 

guidiguis 

doubane 

2986 

3106 

3046 

157 

704 

1987 

bogo 

magoumai 

3578 

3157 

3367.5 

171 

574 

170 

Table  A. 2  Data  from  on-station  mixed  stands  trial  (loc  = 
location;  rep  =  replication;  fer  =  fertilizer  level;  trtcode 
=  treatment  number;  gyD,  gyW  gyC  =  grain  yield  of  Damougari, 
Walaganari,  and  CS-54;  syD,  syW,  syC  =  stover  yields) 


year 


loc 


rep   fer   trtcode   gyD   gyW   gyC   syD 


syW 


syC 


1989 

gueta 

1 

F0 

Tl 

3250 

0 

0 

7656 

0 

0 

1989 

gueta 

1 

F0 

T2 

0 

1941 

0 

0 

9969 

0 

1989 

gueta 

1 

F0 

T3 

0 

0 

1983 

0 

0 

5938 

1989 

gueta 

1 

F0 

T4 

1419 

1536 

0 

3594 

9063 

0 

1989 

gueta 

1 

F0 

T5 

0 

1834 

1106 

0 

5625 

2969 

1989 

gueta 

1 

F0 

T6 

931 

842 

1171 

2917 

5042 

1875 

1989 

gueta 

1 

F0 

T7 

1130 

1486 

0 

2969 

6094 

0 

1989 

gueta 

1 

F0 

T8 

0 

1288 

1231 

0 

5688 

1719 

1989 

gueta 

1 

F0 

T9 

895 

1358 

859 

2500 

4813 

1563 

1989 

gueta 

1 

Fl 

Tl 

3947 

0 

0 

10313 

0 

0 

1989 

gueta 

1 

Fl 

T2 

0 

2041 

0 

0 

12500 

0 

1989 

gueta 

1 

Fl 

T3 

0 

0 

3797 

0 

0 

8594 

1989 

gueta 

1 

Fl 

T4 

1789 

2013 

0 

4219 

7813 

0 

1989 

gueta 

1 

Fl 

T5 

0 

1523 

1539 

0 

6500 

4844 

1989 

gueta 

1 

Fl 

T6 

875 

1097 

1127 

2083 

6542 

2708 

1989 

gueta 

1 

Fl 

T7 

1702 

1281 

0 

4219 

5188 

0 

1989 

gueta 

1 

Fl 

T8 

0 

1681 

831 

0 

7375 

3750 

1989 

gueta 

1 

Fl 

T9 

1413 

1178 

1567 

3438 

5188 

3750 

1989 

gueta 

2 

F0 

Tl 

2575 

0 

0 

8125 

0 

0 

1989 

gueta 

2 

F0 

T2 

0 

1984 

0 

0 

10250 

0 

1989 

gueta 

2 

F0 

T3 

0 

0 

3056 

0 

0 

7031 

1989 

gueta 

2 

F0 

T4 

1222 

980 

0 

3125 

5250 

0 

1989 

gueta 

2 

F0 

T5 

0 

1516 

1253 

0 

5188 

3125 

1989 

gueta 

2 

F0 

T6 

1002 

1076 

1231 

2708 

5750 

2292 

1989 

gueta 

2 

F0 

T7 

1220 

1522 

0 

3281 

7156 

0 

1989 

gueta 

2 

F0 

T8 

0 

775 

456 

0 

5625 

1563 

1989 

gueta 

2 

F0 

T9 

750 

1283 

656 

2031 

6313 

1094 

1989 

gueta 

2 

Fl 

Tl 

3459 

0 

0 

11094 

0 

0 

1989 

gueta 

2 

Fl 

T2 

0 

3072 

0 

0 

9563 

0 

1989 

gueta 

2 

Fl 

T3 

0 

0 

3416 

0 

0 

9375 

1989 

gueta 

2 

Fl 

T4 

1602 

1825 

0 

5000 

4813 

0 

1989 

gueta 

2 

Fl 

T5 

0 

2127 

1195 

0 

5875 

4219 

1989 

gueta 

2 

Fl 

T6 

1210 

1450 

715 

2917 

3771 

2083 

1989 

gueta 

2 

Fl 

T7 

2445 

1475 

0 

4844 

4656 

0 

1989 

gueta 

2 

Fl 

T8 

0 

2136 

1034 

0 

6625 

4531 

1989 

gueta 

2 

Fl 

T9 

1573 

1427 

1045 

3594 

4031 

1250 

1989 

gueta 

3 

F0 

Tl 

2522 

0 

0 

7344 

0 

0 

1989 

gueta 

3 

F0 

T2 

0 

2197 

0 

0 

8313 

0 

1989 

gueta 

3 

F0 

T3 

0 

0 

2258 

0 

0 

6719 

1989 

gueta 

3 

F0 

T4 

1220 

1186 

0 

2656 

4938 

0 

1989 

gueta 

3 

F0 

T5 

0 

1994 

938 

0 

5688 

2813 

1989 

gueta 

3 

F0 

T6 

1046 

941 

500 

3333 

2917 

1458 

1989 

gueta 

3 

F0 

T7 

945 

1311 

0 

2344 

6313 

0 

1989 

gueta 

3 

F0 

T8 

0 

148 

291 

0 

5063 

625 

1989 

gueta 

3 

F0 

T9 

630 

1252 

506 

1250 

3969 

781 

1989 

gueta 

3 

Fl 

Tl 

3241 

0 

0 

10625 

0 

0 

1989 

gueta 

3 

Fl 

T2 

0 

3083 

0 

0 

10375 

0 

1989 

gueta 

3 

Fl 

T3 

0 

0 

3292 

0 

0 

6875 

1989 

gueta 

3 

Fl 

T4 

1881 

1986 

0 

4219 

5750 

0 

1989 

gueta 

3 

Fl 

T5 

0 

1691 

1450 

0 

4375 

4063 

1989 

gueta 

3 

Fl 

T6 

1302 

1458 

625 

1875 

3583 

1667 

1989 

gueta 

3 

Fl 

T7 

1922 

1634 

0 

5469 

5375 

0 
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year 


loc 


rep   fer   trtcode   gyD   gyW   gyC   syD 


syW 


syC 


1989 

gueta 

3 

Fl 

T8 

0 

1603 

786 

0 

7438 

3281 

1989 

gueta 

3 

Fl 

T9 

1384 

1336 

948 

3281 

3813 

2188 

1989 

mouda 

1 

FO 

Tl 

653 

0 

0 

2188 

0 

0 

1989 

roouda 

1 

FO 

T2 

0 

1295 

0 

0 

9375 

0 

1989 

mouda 

1 

FO 

T3 

0 

0 

2011 

0 

0 

7813 

1989 

mouda 

1 

FO 

T4 

289 

633 

0 

1406 

3906 

0 

1989 

mouda 

1 

FO 

T5 

0 

1391 

784 

0 

9375 

1406 

1989 

mouda 

1 

FO 

T6 

550 

693 

631 

2708 

4167 

2292 

1989 

mouda 

1 

FO 

T7 

134 

586 

0 

469 

3750 

0 

1989 

mouda 

1 

FO 

T8 

0 

448 

388 

0 

1875 

938 

1989 

mouda 

1 

FO 

T9 

84 

452 

455 

313 

2813 

563 

1989 

mouda 

1 

Fl 

Tl 

1670 

0 

0 

6250 

0 

0 

1989 

mouda 

1 

Fl 

T2 

0 

1691 

0 

0 

11094 

0 

1989 

mouda 

1 

Fl 

T3 

0 

0 

1744 

0 

0 

3281 

1989 

mouda 

1 

Fl 

T4 

756 

1700 

0 

2188 

7031 

0 

1989 

mouda 

1 

Fl 

T5 

0 

1630 

647 

0 

11563 

2344 

1989 

mouda 

1 

Fl 

T6 

169 

567 

215 

1250 

3333 

833 

1989 

mouda 

1 

Fl 

T7 

434 

2386 

0 

1563 

12031 

0 

1989 

mouda 

1 

Fl 

T8 

0 

1278 

1272 

0 

6875 

4688 

1989 

mouda 

1 

Fl 

T9 

166 

867 

322 

625 

6250 

688 

1989 

mouda 

2 

FO 

Tl 

469 

0 

0 

2500 

0 

0 

1989 

mouda 

2 

FO 

T2 

0 

1272 

0 

0 

10156 

0 

1989 

mouda 

2 

FO 

T3 

0 

0 

1875 

0 

0 

3750 

1989 

mouda 

2 

FO 

T4 

344 

627 

0 

1250 

4063 

0 

1989 

mouda 

2 

FO 

T5 

0 

897 

470 

0 

5938 

1094 

1989 

mouda 

2 

FO 

T6 

323 

658 

300 

1042 

4271 

833 

1989 

mouda 

2 

FO 

T7 

156 

675 

0 

531 

4688 

0 

1989 

mouda 

2 

FO 

T8 

0 

534 

313 

0 

1875 

625 

1989 

mouda 

2 

FO 

T9 

100 

517 

97 

563 

2813 

531 

1989 

mouda 

2 

Fl 

Tl 

1563 

0 

0 

4688 

0 

0 

1989 

mouda 

2 

Fl 

T2 

0 

1742 

0 

0 

11250 

0 

1989 

mouda 

2 

Fl 

T3 

0 

0 

1463 

0 

0 

2813 

1989 

mouda 

2 

Fl 

T4 

469 

1116 

0 

1406 

4844 

0 

1989 

mouda 

2 

Fl 

T5 

0 

1019 

750 

0 

6250 

1406 

1989 

mouda 

2 

Fl 

T6 

215 

646 

125 

833 

3542 

667 

1989 

mouda 

2 

Fl 

T7 

286 

864 

0 

938 

5938 

0 

1989 

mouda 

2 

Fl 

T8 

0 

473 

478 

0 

1875 

781 

1989 

mouda 

2 

Fl 

T9 

188 

1178 

313 

781 

6094 

625 

1989 

mouda 

3 

FO 

Tl 

656 

0 

0 

2969 

0 

0 

1989 

mouda 

3 

FO 

T2 

0 

1305 

0 

0 

5625 

0 

1989 

mouda 

3 

FO 

T3 

0 

0 

469 

0 

0 

1406 

1989 

mouda 

3 

FO 

T4 

156 

570 

0 

1094 

3438 

0 

1989 

mouda 

3 

FO 

T5 

0 

491 

313 

0 

2656 

938 

1989 

mouda 

3 

FO 

T6 

83 

318 

125 

1083 

2083 

625 

1989 

mouda 

3 

FO 

T7 

125 

781 

0 

625 

4375 

0 

1989 

mouda 

3 

FO 

T8 

0 

469 

313 

0 

2344 

844 

1989 

mouda 

3 

FO 

T9 

94 

494 

313 

781 

3281 

375 

1989 

mouda 

3 

Fl 

Tl 

1281 

0 

0 

6250 

0 

0 

1989 

mouda 

3 

Fl 

T2 

0 

1811 

0 

0 

11719 

0 

1989 

mouda 

3 

Fl 

T3 

0 

0 

1344 

0 

0 

2500 

1989 

mouda 

3 

Fl 

T4 

469 

775 

0 

1406 

5313 

0 

1989 

mouda 

3 

Fl 

T5 

0 

950 

1250 

0 

5625 

2344 

1989 

mouda 

3 

Fl 

T6 

417 

397 

417 

1125 

5208 

1042 

1989 

mouda 

3 

Fl 

T7 

156 

838 

0 

625 

6250 

0 

1989 

mouda 

3 

Fl 

T8 

0 

156 

406 

0 

1719 

1094 

1989 

mouda 

3 

Fl 

T9 

219 

1144 

469 

781 

6250 

781 

1989 

tchat 

1 

FO 

Tl 

1028 

0 

0 

7344 

0 

0 
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year 


loc 


rep 


fer        trtcode        gyD        gyW        gyC 


syD 


syW 


syC 


1989 

tchat 

1 

F0 

T2 

0 

1803 

0 

0 

7500 

0 

1989 

tchat 

1 

F0 

T3 

0 

0 

1250 

0 

0 

5469 

1989 

tchat 

1 

F0 

T4 

716 

1525 

0 

3906 

4813 

0 

1989 

tchat 

1 

F0 

T5 

0 

1463 

597 

0 

1438 

13594 

1989 

tchat 

1 

FO 

T6 

513 

1165 

554 

2083 

4021 

2292 

1989 

tchat 

1 

FO 

T7 

272 

939 

0 

938 

5656 

0 

1989 

tchat 

1 

FO 

T8 

0 

1438 

984 

0 

25000 

13281 

1989 

tchat 

1 

FO 

T9 

228 

984 

358 

1719 

4188 

1250 

1989 

tchat 

1 

Fl 

Tl 

1598 

0 

0 

9688 

0 

0 

1989 

tchat 

1 

Fl 

T2 

0 

2508 

0 

0 

9438 

0 

1989 

tchat 

1 

Fl 

T3 

0 

0 

2188 

0 

0 

11719 

1989 

tchat 

1 

Fl 

T4 

406 

1239 

0 

2656 

4438 

0 

1989 

tchat 

1 

Fl 

T5 

0 

1892 

522 

0 

9250 

2656 

1989 

tchat 

1 

Fl 

T6 

358 

835 

592 

3542 

3729 

4375 

1989 

tchat 

1 

Fl 

T7 

1180 

1025 

0 

5156 

5406 

0 

1989 

tchat 

1 

Fl 

T8 

0 

940 

613 

0 

4997 

1557 

1989 

tchat 

1 

Fl 

T9 

834 

647 

675 

3438 

2938 

4219 

1989 

tchat 

2 

FO 

Tl 

1500 

0 

0 

6094 

0 

0 

1989 

tchat 

2 

FO 

T2 

0 

1389 

0 

0 

5625 

0 

1989 

tchat 

2 

FO 

T3 

0 

0 

2034 

0 

0 

10469 

1989 

tchat 

2 

FO 

T4 

508 

772 

0 

3438 

1906 

0 

1989 

tchat 

2 

FO 

T5 

0 

1213 

891 

0 

3375 

1875 

1989 

tchat 

2 

FO 

T6 

713 

997 

613 

2292 

2396 

3125 

1989 

tchat 

2 

FO 

T7 

547 

931 

0 

2031 

2656 

0 

1989 

tchat 

2 

FO 

T8 

0 

958 

519 

0 

3500 

1250 

1989 

tchat 

2 

FO 

T9 

547 

975 

313 

2344 

1969 

1563 

1989 

tchat 

2 

Fl 

Tl 

2377 

0 

0 

11875 

0 

0 

1989 

tchat 

2 

Fl 

T2 

0 

2702 

0 

0 

8781 

0 

1989 

tchat 

2 

Fl 

T3 

0 

0 

1914 

0 

0 

15000 

1989 

tchat 

2 

Fl 

T4 

734 

1108 

0 

6094 

3344 

0 

1989 

tchat 

2 

Fl 

T5 

0 

1622 

938 

0 

5031 

5156 

1989 

tchat 

2 

Fl 

T6 

421 

1077 

571 

2292 

2896 

4167 

1989 

tchat 

2 

Fl 

T7 

1097 

1875 

0 

1563 

5156 

0 

1989 

tchat 

2 

Fl 

T8 

0 

1136 

656 

0 

3469 

2188 

1989 

tchat 

2 

Fl 

T9 

663 

1316 

563 

3906 

3938 

2031 

1989 

tchat 

3 

FO 

Tl 

1000 

0 

0 

6094 

0 

0 

1989 

tchat 

3 

FO 

T2 

0 

2336 

0 

0 

7344 

0 

1989 

tchat 

3 

FO 

T3 

0 

0 

977 

0 

0 

5313 

1989 

tchat 

3 

FO 

T4 

425 

1308 

0 

3125 

3125 

0 

1989 

tchat 

3 

FO 

T5 

0 

1461 

609 

0 

4406 

4063 

1989 

tchat 

3 

FO 

T6 

388 

973 

750 

1667 

3063 

2708 

1989 

tchat 

3 

FO 

T7 

509 

888 

0 

2344 

3250 

0 

1989 

tchat 

3 

FO 

T8 

0 

845 

450 

0 

2344 

1406 

1989 

tchat 

3 

FO 

T9 

539 

1723 

503 

2500 

4219 

938 

1989 

tchat 

3 

Fl 

Tl 

1719 

0 

0 

10000 

0 

0 

1989 

tchat 

3 

Fl 

T2 

0 

2644 

0 

0 

8938 

0 

1989 

tchat 

3 

Fl 

T3 

0 

0 

1875 

0 

0 

13594 

1989 

tchat 

3 

Fl 

T4 

848 

1608 

0 

5469 

4656 

0 

1989 

tchat 

3 

Fl 

T5 

0 

1566 

584 

0 

5563 

2500 

1989 

tchat 

3 

Fl 

T6 

469 

1716 

1052 

1250 

5396 

6250 

1989 

tchat 

3 

Fl 

T7 

883 

1386 

0 

6094 

5125 

0 

1989 

tchat 

3 

Fl 

T8 

0 

1213 

597 

0 

5563 

1563 

1989 

tchat 

3 

Fl 

T9 

938 

1422 

675 

4844 

3875 

2344 

1990 

gueta 

1 

FO 

Tl 

1541 

0 

0 

5378 

0 

0 

1990 

gueta 

1 

FO 

T2 

0 

1713 

0 

0 

12941 

0 

1990 

gueta 

1 

FO 

T3 

0 

0 

2906 

0 

0 

628 

1990 

gueta 

1 

FO 

T4 

1416 

988 

0 

2566 

4628 

0 
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year 


loc 


rep 


fer        trtcode        gyD        gyW        gyC        syD 


syW 


syC 


1990 

gueta 

1 

F0 

1990 

gueta 

1 

F0 

1990 

gueta 

1 

F0 

1990 

gueta 

1 

F0 

1990 

gueta 

1 

F0 

1990 

gueta 

1 

Fl 

1990 

gueta 

1 

Fl 

1990 

gueta 

1 

Fl 

1990 

gueta 

1 

Fl 

1990 

gueta 

1 

Fl 

1990 

gueta 

1 

Fl 

1990 

gueta 

1 

Fl 

1990 

gueta 

1 

Fl 

1990 

gueta 

1 

Fl 

1990 

gueta 

2 

F0 

1990 

gueta 

2 

F0 

1990 

gueta 

2 

F0 

1990 

gueta 

2 

F0 

1990 

gueta 

2 

F0 

1990 

gueta 

2 

F0 

1990 

gueta 

2 

F0 

1990 

gueta 

2 

F0 

1990 

gueta 

2 

F0 

1990 

gueta 

2 

Fl 

1990 

gueta 

2 

Fl 

1990 

gueta 

2 

Fl 

1990 

gueta 

2 

Fl 

1990 

gueta 

2 

Fl 

1990 

gueta 

2 

Fl 

1990 

gueta 

2 

Fl 

1990 

gueta 

2 

Fl 

1990 

gueta 

2 

Fl 

1990 

gueta 

3 

F0 

1990 

gueta 

3 

F0 

1990 

gueta 

3 

FO 

1990 

gueta 

3 

FO 

1990 

gueta 

3 

FO 

1990 

gueta 

3 

FO 

1990 

gueta 

3 

FO 

1990 

gueta 

3 

FO 

1990 

gueta 

3 

FO 

1990 

gueta 

3 

Fl 

1990 

gueta 

3 

Fl 

1990 

gueta 

3 

Fl 

1990 

gueta 

3 

Fl 

1990 

gueta 

3 

Fl 

1990 

gueta 

3 

Fl 

1990 

gueta 

3 

Fl 

1990 

gueta 

3 

Fl 

1990 

gueta 

3 

Fl 

1990 

mouda 

1 

FO 

1990 

mouda 

1 

FO 

1990 

mouda 

1 

FO 

1990 

mouda 

1 

FO 

1990 

mouda 

1 

FO 

1990 

mouda 

1 

FO 

1990 

mouda 

1 

FO 

T5 

0 

1259 

1356 

0 

6003 

1941 

T6 

1050 

742 

679 

2171 

2127 

1921 

T7 

1291 

1547 

0 

2066 

6503 

0 

T8 

0 

1303 

978 

0 

9191 

2566 

T9 

806 

975 

825 

1847 

5566 

1816 

Tl 

3478 

0 

0 

7753 

0 

0 

T2 

0 

2353 

0 

0 

10628 

0 

T3 

0 

0 

4434 

0 

0 

8253 

T4 

1375 

1122 

0 

2566 

7316 

0 

T5 

0 

1341 

1447 

0 

7503 

3003 

T6 

1192 

477 

1283 

2254 

3960 

2838 

T7 

1316 

1566 

0 

2441 

8316 

0 

T8 

0 

1128 

934 

0 

9566 

1378 

T9 

1156 

1222 

809 

1878 

5941 

1441 

Tl 

1253 

0 

0 

7191 

0 

0 

T2 

0 

2491 

0 

0 

10191 

0 

T3 

0 

0 

3213 

0 

0 

7003 

T4 

1178 

1456 

0 

2566 

6128 

0 

T5 

0 

1684 

1600 

0 

7816 

1503 

T6 

1229 

965 

1021 

1838 

4294 

1921 

T7 

1191 

1328 

0 

2253 

6691 

0 

T8 

0 

1069 

681 

0 

8753 

1566 

T9 

1144 

1497 

788 

1878 

6441 

1066 

Tl 

3413 

0 

0 

6191 

0 

0 

T2 

0 

1763 

0 

0 

11316 

0 

T3 

0 

0 

4209 

0 

0 

5753 

T4 

1403 

1019 

0 

2378 

5691 

0 

T5 

0 

2050 

1978 

0 

9691 

3409 

T6 

792 

829 

1013 

1421 

4252 

2088 

T7 

1138 

1481 

0 

3191 

5566 

0 

T8 

0 

1553 

978 

0 

8628 

1878 

T9 

1000 

1003 

941 

2316 

5378 

1628 

Tl 

2806 

0 

0 

7003 

0 

0 

T2 

0 

1956 

0 

0 

11003 

0 

T3 

0 

0 

4069 

0 

0 

6628 

T4 

1278 

1128 

0 

2316 

6878 

0 

T5 

0 

1703 

1481 

0 

8441 

2441 

T6 

1063 

1006 

1121 

1671 

5169 

1504 

T7 

1078 

956 

0 

2128 

7941 

0 

T8 

0 

2163 

1547 

0 

3691 

1753 

T9 

841 

956 

1456 

1691 

6253 

753 

Tl 

3384 

0 

0 

6503 

0 

0 

T2 

0 

2159 

0 

0 

13191 

0 

T3 

0 

0 

4384 

0 

0 

7378 

T4 

1388 

1872 

0 

1191 

11566 

0 

T5 

0 

1156 

1528 

0 

8941 

2941 

T6 

904 

1140 

1529 

2088 

5252 

3338 

T7 

1388 

2081 

0 

3128 

6003 

0 

T8 

0 

1041 

1238 

0 

10253 

2253 

T9 

1109 

1259 

1003 

1941 

8378 

1503 

Tl 

1159 

0 

0 

5691 

0 

0 

T2 

0 

684 

0 

0 

7066 

0 

T3 

0 

0 

1338 

0 

0 

3628 

T4 

703 

416 

0 

2816 

6378 

0 

T5 

0 

394 

581 

0 

4503 

1691 

T6 

413 

202 

471 

1504 

3960 

1421 

T7 

228 

544 

0 

1128 

4816 

0 
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year 


loc 


rep   fer   trtcode   gyD   gyW   gyC   syD 


syW 


syC 


1990 

mouda 

1 

F0 

1990 

mouda 

1 

F0 

1990 

mouda 

1 

Fl 

1990 

mouda 

1 

Fl 

1990 

mouda 

1 

Fl 

1990 

mouda 

1 

Fl 

1990 

mouda 

1 

Fl 

1990 

mouda 

1 

Fl 

1990 

mouda 

1 

Fl 

1990 

mouda 

1 

Fl 

1990 

mouda 

1 

Fl 

1990 

mouda 

2 

F0 

1990 

mouda 

2 

F0 

1990 

mouda 

2 

F0 

1990 

mouda 

2 

F0 

1990 

mouda 

2 

F0 

1990 

mouda 

2 

F0 

1990 

mouda 

2 

F0 

1990 

mouda 

2 

F0 

1990 

mouda 

2 

F0 

1990 

mouda 

2 

Fl 

1990 

mouda 

2 

Fl 

1990 

mouda 

2 

Fl 

1990 

mouda 

2 

Fl 

1990 

mouda 

2 

Fl 

1990 

mouda 

2 

Fl 

1990 

mouda 

2 

Fl 

1990 

mouda 

2 

Fl 

1990 

mouda 

2 

Fl 

1990 

mouda 

3 

F0 

1990 

mouda 

3 

F0 

1990 

mouda 

3 

F0 

1990 

mouda 

3 

F0 

1990 

mouda 

3 

F0 

1990 

mouda 

3 

F0 

1990 

mouda 

3 

F0 

1990 

mouda 

3 

F0 

1990 

mouda 

3 

F0 

1990 

mouda 

3 

Fl 

1990 

mouda 

3 

Fl 

1990 

mouda 

3 

Fl 

1990 

mouda 

3 

Fl 

1990 

mouda 

3 

Fl 

1990 

mouda 

3 

Fl 

1990 

mouda 

3 

Fl 

1990 

mouda 

3 

Fl 

1990 

mouda 

3 

Fl 

1990 

tchat 

1 

F0 

1990 

tchat 

1 

F0 

1990 

tchat 

1 

F0 

1990 

tchat 

1 

F0 

1990 

tchat 

1 

F0 

1990 

tchat 

1 

F0 

1990 

tchat 

1 

F0 

1990 

tchat 

1 

F0 

1990 

tchat 

1 

F0 

1990 

tchat 

1 

Fl 

T8 

0 

572 

478 

0 

6066 

1066 

T9 

244 

366 

384 

1316 

4753 

628 

Tl 

2041 

0 

0 

7003 

0 

0 

T2 

0 

1559 

0 

0 

9003 

0 

T3 

0 

0 

2150 

0 

0 

4378 

T4 

828 

872 

0 

2441 

6066 

0 

T5 

0 

1034 

1119 

0 

7941 

2441 

T6 

479 

654 

604 

1504 

5210 

1421 

T7 

603 

609 

0 

1378 

5441 

0 

T8 

0 

941 

653 

0 

7566 

1441 

T9 

478 

966 

322 

1128 

5816 

628 

Tl 

2175 

0 

0 

6503 

0 

0 

T2 

0 

806 

0 

0 

6191 

0 

T3 

0 

0 

1609 

0 

0 

4316 

T4 

731 

1109 

0 

1503 

8378 

0 

T5 

0 

594 

747 

0 

5722 

1441 

T6 

579 

496 

788 

1421 

5169 

1838 

T7 

231 

584 

0 

566 

5378 

0 

T8 

0 

1266 

622 

0 

10253 

1253 

T9 

397 

728 

388 

878 

5503 

878 

Tl 

1741 

0 

0 

4628 

0 

0 

T2 

0 

1047 

0 

0 

11066 

0 

T3 

0 

0 

2153 

0 

0 

3691 

T4 

697 

838 

0 

1941 

6941 

0 

T5 

0 

609 

975 

0 

3878 

1691 

T6 

629 

642 

804 

2088 

4335 

1921 

T7 

578 

903 

0 

1066 

5003 

0 

T8 

0 

1056 

422 

0 

7191 

1128 

T9 

453 

569 

291 

1128 

3878 

878 

Tl 

894 

0 

0 

3753 

0 

0 

T2 

0 

653 

0 

0 

5441 

0 

T3 

0 

0 

1294 

0 

0 

3753 

T4 

328 

316 

0 

1753 

441 

0 

T5 

0 

288 

400 

0 

2316 

1191 

T6 

700 

731 

696 

1254 

7044 

1671 

T7 

534 

788 

0 

1941 

5816 

0 

T8 

0 

613 

528 

0 

4691 

1503 

T9 

566 

678 

456 

1003 

5566 

878 

Tl 

2047 

0 

0 

5691 

0 

0 

T2 

0 

1594 

0 

0 

7878 

0 

T3 

0 

0 

2094 

0 

0 

4128 

T4 

731 

1138 

0 

2503 

7316 

0 

T5 

0 

744 

1072 

0 

2941 

941 

T6 

550 

373 

517 

1421 

2502 

921 

T7 

731 

1038 

0 

2066 

6878 

0 

T8 

0 

1059 

609 

0 

7316 

1878 

T9 

347 

819 

388 

628 

4003 

503 

Tl 

597 

0 

0 

5722 

0 

0 

T2 

0 

659 

0 

0 

10191 

0 

T3 

0 

0 

416 

0 

0 

4316 

T4 

84 

275 

0 

753 

4566 

0 

T5 

0 

406 

419 

0 

5253 

2003 

T6 

221 

448 

338 

1504 

4960 

2171 

T7 

247 

334 

0 

1566 

7097 

0 

T8 

0 

416 

178 

0 

7753 

566 

T9 

172 

409 

159 

1222 

4628 

753 

Tl 

1106 

0 

0 

8316 

0 

0 
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year 


loc 


rep   fer   trtcode   gyD   gyW   gyC   syD 


syW 


syC 


1990 

tchat 

1 

Fl 

T2 

0 

2228 

0 

0 

10253 

0 

1990 

tchat 

1 

Fl 

T3 

0 

0 

2597 

0 

0 

12441 

1990 

tchat 

1 

Fl 

T4 

556 

1378 

0 

4409 

7784 

0 

1990 

tchat 

1 

Fl 

T5 

0 

1125 

900 

0 

7378 

6566 

1990 

tchat 

1 

Fl 

T6 

263 

1081 

667 

2421 

5169 

4838 

1990 

tchat 

1 

Fl 

T7 

556 

1466 

0 

4003 

7378 

0 

1990 

tchat 

1 

Fl 

T8 

0 

1344 

734 

0 

5941 

4816 

1990 

tchat 

1 

Fl 

T9 

434 

869 

797 

2816 

3378 

5441 

1990 

tchat 

2 

F0 

Tl 

622 

0 

0 

4128 

0 

0 

1990 

tchat 

2 

FO 

T2 

0 

2197 

0 

0 

15003 

0 

1990 

tchat 

2 

FO 

T3 

0 

0 

1769 

0 

0 

8503 

1990 

tchat 

2 

FO 

T4 

516 

597 

0 

2691 

6316 

0 

1990 

tchat 

2 

FO 

T5 

0 

884 

438 

0 

8628 

2003 

1990 

tchat 

2 

FO 

T6 

392 

554 

413 

2254 

5544 

1463 

1990 

tchat 

2 

FO 

T7 

500 

1247 

0 

2816 

11597 

0 

1990 

tchat 

2 

FO 

T8 

0 

813 

828 

0 

11316 

3128 

1990 

tchat 

2 

FO 

T9 

297 

303 

259 

1253 

5878 

1128 

1990 

tchat 

2 

Fl 

Tl 

1178 

0 

0 

9316 

0 

0 

1990 

tchat 

2 

Fl 

T2 

0 

3647 

0 

0 

11753 

0 

1990 

tchat 

2 

Fl 

T3 

0 

0 

2125 

0 

0 

10347 

1990 

tchat 

2 

Fl 

T4 

513 

2200 

0 

4566 

8253 

0 

1990 

tchat 

2 

Fl 

T5 

0 

2434 

1350 

0 

11191 

5941 

1990 

tchat 

2 

Fl 

T6 

371 

1477 

979 

3254 

6502 

4838 

1990 

tchat 

2 

Fl 

T7 

584 

1888 

0 

4503 

7659 

0 

1990 

tchat 

2 

Fl 

T8 

0 

2428 

1009 

0 

10753 

4003 

1990 

tchat 

2 

Fl 

T9 

544 

1513 

666 

3847 

7191 

2847 

1990 

tchat 

3 

FO 

Tl 

991 

0 

0 

7066 

0 

0 

1990 

tchat 

3 

FO 

T2 

0 

2172 

0 

0 

15253 

0 

1990 

tchat 

3 

FO 

T3 

0 

0 

853 

0 

0 

5034 

1990 

tchat 

3 

FO 

T4 

525 

1466 

0 

3597 

8878 

0 

1990 

tchat 

3 

FO 

T5 

0 

375 

319 

0 

5159 

1972 

1990 

tchat 

3 

FO 

T6 

438 

1100 

1058 

2004 

5377 

1838 

1990 

tchat 

3 

FO 

T7 

353 

1341 

0 

2441 

9097 

0 

1990 

tchat 

3 

FO 

T8 

0 

1784 

928 

0 

11066 

1316 

1990 

tchat 

3 

FO 

T9 

306 

647 

178 

2097 

5566 

1472 

1990 

tchat 

3 

Fl 

Tl 

991 

0 

0 

8691 

0 

0 

1990 

tchat 

3 

Fl 

T2 

0 

2766 

0 

0 

13566 

0 

1990 

tchat 

3 

Fl 

T3 

0 

0 

1784 

0 

0 

8941 

1990 

tchat 

3 

Fl 

T4 

441 

1916 

0 

2441 

6691 

0 

1990 

tchat 

3 

Fl 

T5 

0 

1216 

506 

0 

6253 

4878 

1990 

tchat 

3 

Fl 

T6 

183 

960 

433 

2004 

3752 

2921 

1990 

tchat 

3 

Fl 

T7 

459 

1884 

0 

3378 

7128 

0 

1990 

tchat 

3 

Fl 

T8 

0 

2941 

1097 

0 

14097 

4378 

1990 

tchat 

3 

Fl 

T9 

325 

1469 

816 

2034 

6316 

4003 

176 

Table  A. 3   Data  from  1989  and  1990  on-farm  mixtures  test 
(sec  =  sector;  vill  =  village;  ys35p  =  yield  of  sole  crop 
S35;  ydjip  =  yield  of  sole  crop  djigari;  ydoms  =  yield  of 
mixture  dominated  by  S3 5;  ydomd  =  yield  of  mixture  dominated 
by  djigari;  yegal  =  yield  of  mixture  with  egual  guantities 
of  the  two  varieties) 


year 


sec 


vill 


ys35p   ydjip   ydoms    ydomd    yegal 


1989 

kaele 

garey  sud 

153 

721 

431 

418 

375 

1989 

zongoya 

ndoukoula 

1008 

570 

927 

815 

935 

1989 

karhay  I 

zouaye 

916 

1163 

1160 

1358 

1486 

1989 

koza 

mozogo 

1373 

1558 

1224 

1051 

1036 

1989 

bogo 

karagari 

1012 

1427 

1682 

1268 

952 

1989 

guider 

mayo  loumas 

1367 

911 

1407 

1846 

1385 

1989 

guidiguis 

tchaotchai 

1840 

2608 

1759 

1033 

1562 

1989 

sorawel 

soukoundou  I 

2277 

2399 

2103 

2071 

2420 

1990 

karhay  I 

goin 

332 

204 

209 

286 

326 

1990 

dana 

djawar 

764 

105 

429 

236 

321 

1990 

guidiguis 

doubane 

1407 

0 

964 

208 

402 

1990 

karhay  I 

golonpui 

1339 

436 

625 

484 

542 

1990 

zongoya 

gawel 

880 

1098 

739 

1134 

909 

1990 

bogo 

diguir 

1217 

358 

895 

1705 

1008 

1990 

mora 

kolofata 

950 

788 

825 

1286 

1562 

1990 

dana 

harkouna 

2267 

57 

1476 

915 

1420 

1990 

kaele 

makebi 

1374 

730 

1573 

941 

1684 

1990 

mora 

talkomari 

1982 

625 

1932 

1638 

1285 

1990 

guider 

goulong  fali 

1523 

1503 

1579 

1691 

1425 

1990 

zongoya 

moulandi 

2359 

1905 

1962 

1472 

1527 

1990 

koza 

modoko 

1424 

1864 

1878 

2454 

1858 

1990 

bogo 

balaza  lawan 

752 

2193 

2309 

2787 

2421 

1990 

sorawel 

ganda 

2158 

2153 

1989 

2501 

2718 

1990 

sorawel 

heri 

2274 

2534 

2766 

3194 

2540 

1990 

guider 

mayo  kewe 

3413 

2283 

2857 

2703 

2879 

1990 

koza 

gaboua 

3185 

2823 

3029 

2743 

3231 
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